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That California supports an extremely high level
of species diversity of bees (ca. 1500) was preliminar-
ily documented In Moldenke & Neff (197^) and referred to
subsequently In Moldenke (I976). This extraordinarily
high number of resident bee species Is however somewhat
misleading, since the political boundaries of the state
artificially encompass a wide spectrum of blotlc realms
and climatic patterns. This paper Is an attempt to
examine the levels of bee species richness throughout
North America In order to demonstrate more appropriately
respective levels of bee diversity In light of species/
area relations, paleohlstorlcal lineages and the role
of speclallzed-feedlng habits —all so Important In a
basic understanding of the pollination ecology of emy
region.

The subject matter of this paper entails more
directly an Interest on my part, than the suitability/
maturity of the data base for analysis. -Judgments I
make In this paper on the basis of the published litera-
ture and museum specimens are likely at times to be
subsequently proven Incorrect. In very general terms,
two of the largest and most diverse bee genera In North
America are only partially taxonomlcally revised at this
time (e.g., Andrena . Osmla ) . and two other genera (e.g.,
Dlallctus . Evylaeus ) are awaiting revision. Dr. Elckwort
however, has been revising Dlallctus for the past several
years and has been gracious enough to provide me at
times with preliminary data. Though the host-plant asso-
ciations of bees within the state of California are
"relatively" well known, a large majority await the type
of documentation and study necessary for absolute assur-
ance; the bees of other regions (particularly the

Information Included In this report Is largely the
result of several requests for Information from students
working on disparate questions In different parts of the
U.S.A. ; In providing them with this Information In ordft-r
to assist them to generalize their conclusions, I felt
that much of this essentially raw data should be presen-
ted publicly so that other workers could have access to
It, In the ultimate hope that additional data could be
generated along this aspect of Inquiry to supplement
the Information presently available to me. It Is In
this spirit, that this preliminary Information Is pre-
sented.

357



358 PHYTOLOGIA Vol. U3, No. h

eastern U.S.) are much more poorly understood In terms
of host-associations.

Nevertheless, Judging from my own collections and
those of my associates as well as a large published
data base of floral collection records, and placing
much weight upon the conservative nature of such host-
association patterns (In lieu of specific evidence to
the contrary, and oftentimes meager specifically
relevant floral association data) — I feel relatively
confident that the major conclusions presented In this
paper will, upon subsequent documentation, prove to be
essentially correct. Many new species of bees are still
awaiting collection In the United States, and many dis-
tributional patterns are very Incompletely known,
however, I expect that thanks In part to the compendia
published by Meusebeck et al (1951) and Mitchell (I96O,
1962) (which I have subsequently amended In light of
more recent monographic treatments) faunlstlc species
totals will not vary by more than 5-10/C. This level of
ln«««^a>acy will not affect the major conclusions. Since
this paper Involves such a preliminary analysis of
pollination systems, data Is presented In a form which
will facilitate adjustments In numerical analysis In
light of yet to be published research. Likewise, this
paper Is being presented In a primarily botanical
Journal In order to acquaint botanists with much of the
Information that Is accessible to entomologists, but
much less accessible to botanists Interested In pollin-
ation ecology.

Utilizing twelve of the blotlc units of North
America recognized by Kuchler (1975) and Shelf ord (I963)
reveals that the level of bee species richness only
varies roughly three-fold (Table 1), excluding the
cllmatlcly extreme tundra and muskeg. The species
totals for the Great Basin and the Southern Mixed Forest
are low; reflecting both low actual total species diver-
sity and relatively poorly collected/studied faunas.
Though the bee faunas of these two regions will undoub-
tedly Increase significantly upon subsequent study, I
am confident they will still remain relatively the most
Impoverished.

The Chlhuahuan and Sonoran deserts support nearly
900 known bee species. Species resident In the Mexican
portions of this arid region have not been Included
since they remain lsu:gely uncollected, and those species
which have been nsuned remain poorly known. Therefore
this total of 890 species Is undoubtedly a very low
estimate for the non-montane desert region as a whole.
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# PLANT # PLANT
GENERA FAMILIES

TOTAL TOTAL WITH WITH
BEE SPECIALIST SPECIALIST SPECIALIST

SPECIES SPECIES BEES BEES

DESERT (3))

MEDITERRANEANCALIF, (^ucf)

FORESTEDCALIFORNIA (F'^c-f)

ROCKYMOUNTAINSf^M)

GREAT PLAINS (<fP)

BOREAL FOREST (Bf)

/oak/hi CKORY FOREST(oHF)

IMIXED MESOPHYTICFRST

PACIFIC NORTHWEST(PNu^

OAK/HICKORY/PINE FOREST
(onre)

DESERT MOUNTAINS(pmi)

GREAT BASIN (eB)

SOUTHERNMIXED FOREST(J-^O

TUNDRA & MUSKEG(j)

890
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The well-studied mediterranean climatic region of
California contains approximately 83O species; this is
a relatively robust estimate and does not include
species which are primarily forested montane within
California, only infrequently occurring in the regions
of upper chaparral in the Sierra Nevada. The Rocky
Mountain region and the Great Plains are next in abun-
dance with approximately 500 resident species, followed
by significantly lower levels within the three forested
eastern provinces as well as the montane forested
Pacific Northwest (Table 1).

Within the different geographic regions of Cali-
fornia, likewise, there is only approximately a 3-fold
difference in bee species richness. The southern more
leric regions are characterized by the highest levels
of species richness, while the Great Basin, alpine,
northern and immediate coastal regions are characteri-
zed by lower levels (Table 2). The total number of
forested California bee species is approximately 6OO,
well below the respective mediterranean and desert
totals.

There is no particular correlation between the total
bee species richness and the extent of the area occupied
(Illus. 1). Regions of high bee diversity have in
common an arid/semi-arid climate and relatively low
canopy. However, the same features characterize the
Great Basin and Great Plains, regions of distinctly less
bee species. The number of bee species per 1,000 mi^
varies from 0.5-3.0 for all regions (excluding the tun-
dra) except for California, where forested montane
California is characterized by approximately 12.0 and
mediterranean California by 1^.0 bee species. When the
bee fa\ina for the entire eastern half of the United
States (ca. 700, Meusebeck et al in Mitchell (I96O)) is
totalled, only approximately 0.5 bees per 1,000 ml^ are
encountered. Why the diversity of both forested montane
and mediterranean California should be nearly ten times
that of other regions of comparable altitudinal and
climatic diversity is not known with certainty. On
first examination, the crucial determinant would appear
to be the mediterranean region, since a large percentage
(theoretically difficult to estimate) of the forested
bees in California are much more characteristic of the
chaparral than the forest under story. The Mediterranean
climate regime is paleohistorically very novel, dating
from only the past million years (Axelrod, I966). The
flora of California is also exceptionally diverse, both
in terms of endemic relict species and rapidly evolving
contemporary lineages; the former group is basically
forest-associated while the latter is a feature of the
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arid ecosystems (Raven, 1977). The high proportion of
forest floral endemics In California has been attributed
to the relatively milder conditions during the Tertiary
In California relative to more continental climates in
North America. Perhaps a diverse assemblage of bee
lineages also survived In the California forests under
these conditions, and under the Increasing aridity
Initiating In the Neogene have secondarily Invaded the
non-forested regions of the nascent mountain systems
and rapidly speclated from this Initially enriched
stock.

Bee species with specialized feeding habits are
frequent in all regions of the United States; so are
species with established generalist feeding strategies.
The vast majority of feeding strategies are not known
with established certainty. Extrapolating from the
habits of known close relatives (in the absence of con-
flicting data) does allow us to form general conclusions
about the nature of food-choice preferences for the
vast majority of species though. "Specialist-feeding"
bee species should not be regarded as monoleges —
absolute specialization by a bee on only one species of
plant host throughout its range is seldom, if ever ,

realized when the plant genus is not monotypic in the
region concerned (e.g. , Larrea ) or the bee species
very highly restricted in distribution. Specialist-
feeding bees are usually restricted to the generic (or
occasionally subgeneric) or closely-related generic
group level (i.e., Potentilla . Ivesia , Ghamaebatia &
Horkelia ) . Some semi-specialists visit only a restric-
ted subset of species of the families Compositae or
Leguminosae. Specialists are usually faithful to the
same "host-plant" throughout their range, though seldom
have studies been undertaken to conclusively demon-
strate this accepted working hypothesis.

For instance, Nomadopsis fraota visits the shrub
Eriodictyon (Hydrophyllaceae ) throughout its extensive
range exclusively, except for regions of volcanic ash
on Mount Shasta where it visits only the acaulescent

Mama rothrockii (Hydrophyllaceae), Eriodictyon not being
present (Moldenke, unpub. obs.)(one series bearing
pollen and collected on Phacelia brachyloba (Hydrophyl-
laceae) in the San Bernardino Mountains exists in col-
lections; and Rozen (1958) cites one possible instance
on P. douglasii ) . Likewise, the very abundant
Nomadopsis edwardsii is one of a sibling pair of
species visiting Potentilla and closely related genera
(Hosaceae) throughout extensive portions of the Paolflo
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Coast, however, at Manunoth Lakes, California, the popu-
lation Is morphologically dimorphic —the larger
Individuals collecting the pollen and nectar of
Calochortus (Llllaceae) apparently exclusively (Moldenke,
unpub. obs.). I cite these examples from Nomadopsis ,

because the host-selections of most of these species
have been clearly well-documented by Rozen (1958), and
all the known species (except one) are clearly some of
the most specialized bees known, but even in this
group there are clearly some issues that need further
study.

In the section that follows, I do not mean to imply
that host-selection habits are fully known, or that when
fully known there may not be many minor variations to
the behavior noted, however, I confidently expect the
general scheme I am presenting will not be grossly
distorted. Poorly known groups clearly In need of
subsequent study are indicated.

The series of phylogenies (Illustration 2) is
presented in an oversimplified diagrammatic fashion to
represent both the sequences of host shifts ("4/W:»") and
the notable range extensions that have occurred in the
evolution of North American bees. I recognize that the
categories for range distribution are overgenerallzed
and perhaps overly simplistic in that they recognize
basically only arid versus humid forest classes. At
this stage of analysis, increasing the number of
categories obscures the basic floristic relationships
and patterns of plant associations. I have treated
these categories somewhat liberally, for Instance if a
group is characterized by a basically arid western
desert distribution, but does indeed inhabit a consid-
erable portion of the southern prairies I have not
noted that as a significant range expansion, but only
have done so when such a distribution has clearly
enlarged to include the eastern plains or the under-
story of the eastern forests. On the other hand,
typical montane forested cool temperate species are
noted in the xeric region only if they significantly
inhabit xeric regions, rather than the isolated
forested mountain tops throughout the western basins
and deserts. Prestuned paleogeographlc lineages
(based largely on the circular reasoning of present
distributions) are basically unchanged from those
presented in Moldenke (1976), and represent the
published conclusions of taxonomic specialists or
educated guesses on my part. Those of the Dufoureinae
represent unpublished studies of Bohart, Lincoln and
myself; these studies will be published in more detail
subsequently.
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I have found approximately 250 instances of host
changes of the nature polylectic ^ > specialist or
specialist^ > specialist-j^ (this excludes some unmono-
graphed subgenera of Andrena and Osmia ) in the evolu-
tion of North American bees. Depending on one's
point of view, this can be taken as either a surpri-
singly large or a surprisingly small number since no
comparable data exist. I personally fall into the
latter camp for it should be emphasized that many such
instances of specialization or "shifts" have not been
particularly "successful" gauged in terms of adaptive
radiation subsequent to such host changes nor have many
of such changes markedly affected the pollination
ecology of the North American flora. Many bee taxa
which demonstrate host-specialization and host-shifts
most frequently are not the most important pollinators
of their respective hosts. There are also very many
abundant melittophilous plant groups in North America
which have not coevolved with any specialist-feeding
bees at all, indeed the flora of North America (except
for certain dominant tree genera) is overwhelmingly
melittophilous

.

Illustration 2 reveals that the presumed primitive
character state in most groups is generalized feeding.
This is not based solely on theoretical concerns, but
in fact in many groups the structurally least special-
ized species are known to be generalized feeders. In
some of the groups we do not know, even by inference,
what the ancestors may have fed upon, since the least
specialized species are characterized by divergent
feeding patterns; my most reasonable guess of ancestral
feeding patterns is sometimes indicated in the left-hand
column. It is notable, and surprising I think, that
there are no instances of host changes of the type from
specialist— —* polylege. Specialization appears to be
an exclusively one way process. The only semblance of
such a shift takes place In the evolution of our largely
endemic Centrls ( Xerocentrls ) polyleges from ancestors
within the genus Centris which while polylectic for
pollen supplies still were obligately specialized to
hso-vest oils Instead of nectar (Neff unpub.).

In addition to the presumed and postulated ancient
polylectic ancestors of our North American bee fauna,
there have been at least 9 Neotropical, 2 Arctotertlary
(with close present Old World ties) and two recent
accidental Introductions of formerly specialized
lineages which have maintained their pattern of special-
ization here. Of the 250 Instances of evolutionary
host-plant specialization or switches, most have
occiured in very few genera: more than 60 in Perdita ,
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24 In Dufourea, 18 In Nomadopsis . 15 In Colletes . 23 In
the Eucerlnae. Perdlta and Andre na are the two most
diverse genera in North America, hence their degree of
specialization Is not unexpected. The third largest
genus, Dlallctus . has speclated In the absence of host-
plant specialization; all Morth American species are
generalized feeders with the possible exception of one
desert species Implicated in association with Euphorbia
(Eickwort, pers. comm.). Both Dlallctus and Evylaeus
(considered by some workers congeneric) are apparently
generally polylectlc throughout their range, seldom
specializing either in the Old World or the New World
(Ebmer & Pauly, pers. comjns.). I presume that this
indicates that these and other hallctine bees do not
have the same type of genetic host-selection mechanisms
possessed by most other bees.

Nearly all of the specialization events noted are
those from polylege —» specialist, only 53 are possibly
switches between different non-confamiliai' Individual
plant hosts, again implying the unidirectional and
apparently "dead end" nature of such switches. Interes-
tingly, about half of the switches that apparently do
occur take place in the Sonoran Desert and the other
half in the Mediterranean regions of California, prac-
tically none in the other regions of North America.
Though the arid regions do support greater diversities,
this degree of difference cannot be accounted for on
that basis alone. Climates are less predictable and
smaller shifts in amplitudes in these regions produce
greater effects on the flora and fauna perhaps by alter-
ing germination cues and the temporal synchronization
of host plant and bee disproportionately.

Of these 53 non-confamllial host-shifts, only 10
occur between taia which appear visually rather similar
(at least to human eyes). Though relevant data on
chemical cues are lacking for most taia, it is reason-
able to suppose that many such switches have indeed
occurred between taxa which are in fact extremely
dissimilar. In certain cases the recipient host is a
dominant plant (e.g., Larrea . Prosopis ) that the former
species could reasonably be expected to have continual
exposure to, or in some cases the novel host is one of
the very few other plants to bloom during the particular
time of year the original host was in bloom (e.g.,
Tidestromia . Limnanthes ) , but in many instances logical
"explanations" for such shifts elude me. Examination
of the lineage diagrams also reveals an additional oa.
30 cor^amillal host-shifts, occurring between visually
rather dissimilar plants ( Phacelia/Nemophi la ; Clarkia /
Cam! 8 son!

a

; Lesquerella/Stanleya ; Mentzelia/Petalonyx )

;
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It Is reasonable to presume tentatively that such
shifts were facilitated by the recognition of certain
phylogenetlcally shared chemical characteristics,
however such assumptions must be tested by subsequent
chemical analysis.

In an analysis of evolutionary host-shift patterns,
It Is of course of utmost Importance to determine as
precisely as possible the cladlstlc relationships
amongst the species themselves. I have accepted the
published opinions of taxonomlsts wherever available.
I have tried In all possible Instances to examine their
implied/stated cladograms with a skeptical eye, but
seldom have I felt that an application of Occam's Razor
(solely In light of known/postulated host associations)
would change their point of view, except In Instances
of very rare Incompletely known taxa which were unknown
from the standpoint of host associations as well. Minor
differences, either of conscious design on my part or
misinterpretation, will be apparent since I have chosen
to present diagrammatic cladograms to facilitate data
examination In problem phylogenles. It Is Important to
note that seldom (If ever) have bee taxonomlsts consid-
ered host-association or weighted It heavily In con-
structing their published phylogen«tlc speculations;
such relationships are generally based on morphological
structures, particularly the male genital apparatus.
Indeed, recent monographers of Andrena have considerably
revised the postulated relationships of this very large
genus by not treating specific floral adaptations In
their phylogenetlc schemes.

I believe that the only conscious changes I have
Incorporated herein are: 1) the sinking and remixing of
A. ( Soaphandrena ) Into A. ( Ml cr andrena ) (a separation
termed possibly artlfactual by the latest monographer
—Rlbble, 197^*) which entails the lumping of the
cruclfer-feedlng M. plperl -group. M. prlmullfrons -group
and all cruclfer-feedlng Scaphandrena ; uniting M.(I)
ohlorogaster with S. merrlaml ; S. lomatll . macklae , S.

plana with M. (I) mlcrochlora ; M. (I) melanochroa perhaps
united with Derandrena zlziaef ormis ; 2) the lumping of
possible Polemonium A. ( Euandrena ) feeders (I.e. A.
polemonll to A. segregans ) by application of Occam's
Razor; 3) the uniting (largely) on the basis of simi-
larities of the 8th sterniim from various t*Bt*tiT^
placements of a group of species related to the Perdita
vittata/sonorensis groups (since many of these species,
e.g., P. heliotropii . covilleae , punctulata . plucheae ,

perixantha . paryella . ambigua . tarda

.

have unknown
hosts, at this preliminary level of analysis, the
point is largely moot); ^) the uniting, by Occam's
Razor only, of the p, koebelel -group with other"
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Mentzella- feeding Perdlta ; 5 ) unitin g the Lesquerella -

feedlng A. ( Tylandrena ) ; 6) removing Colletes larreae
& C. turglventrls from the C. robertsonl group on the
basis of their distinct genital apparatl ; 7) linking
P. ( Alloperdlta ) to P. ( Procookerellla ) by Occam's
Razor alone ; WJ removing the long-faced Perdlta hurdl
and P. glllae from the long-tongued P. (G lossoperdlta )

and placing them In P. ( EplmacroteraT ; 9) transferlng
Perdlta erythropyga & P. fulvlcauda from the ventralls -

group to the octomaculata - group on the basis of the
similarities of the eighth sternum; 10) linking by
Occam's Razor the Dalea -ollgoleges In Ashmeadlella
( Rhamphor hy ncha . Cubltognatha & Corythochlla ) ; 11)
postulating monophyly In each of the composite-, Dalea -

and Phacella- feeding groups of Anthocopa ( Eremosmla /
Isosmla ) ; 12) lumping as monophyletlc the legume
ollgoleges In Osmla (Nothosmla & Acant hosmoldes ) on the
basis of Occam's Razor alone In the absence of any
conflicting Information.

In groups which have not been recently monographed,
cladlstlc sequences were not attempted, and are not
Indicated In Illustration 2, nor are the switches
(whatever form they may really take) counted In textual
analysis. Cladograms of Colletes and Perdlta are
original but attempt to agree with the taxonomlc
specialist's published anecdotal remarks.

Of the host-speclallzatlon relationships eluci-
dated In this manner, most are represented In the
western United States. Indeed, California Is uniquely
situated In which to study the precise forms that such
adaptation can produce since all the trophic couplings
between particular plant genera and specialist-feeding
groups except 30 occur within the state; there are
another six resident plant groups with specialist
feeders In closely adjacent regions which subsequent
field work will probably discover In California as well
(i.e., Cornus . Nothocalals . Stanleya . Descuralnla .

Wlsllzenla. Polemonlum)

.

Illustration 2 represents approximately 50 bee
lineages that are suspected of ancient Arctotertlary
Floral ties to closely related species In the Old
World, 40 Neotropical, 25 endemic Madrotertiary Flora
and 35 old North American Tropical. Since these lineage
ancestries are by definition highly speculative, these
results should be taken to Indicate only relatively
heavy phylogenetlc Inputs from the three external source
paleohlstorlcal realms to the present bee fauna of North
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America. The terms Arctotertlary and Madrotertlary
refer primarily to the floral associates of the bee
lineages since the paleohlstorlcal age of most bee
groups Is completely unknown In the absence of relevant
fossils. Most bee taionomlsts (unlike myself) believe
that most bee lineages are of much more recent deri-
vation than these basic floral assemblages. Both
Arctotertlary and Neotropical (open savanna and humid
forest not distinguished) stocks have contributed
heavily to the seml-arld/arld regions of the south-
western United States; contributing by my count approx-
imately 45 stocks each. Neotropical stocks have
undoubtedly contributed even more heavily, since I

am thoroughly unfamiliar with the bee fauna of seml-
arld Mexico, and It Is quite probable that no addit-
ional Arctotertlary elements (not already counted)
have contributed. Twenty Neotropical stocks have
also contributed heavily to the forested regions of
the southeastern U.S.A. , though many of these elements
may have been archaically associated with North America
rather than with temperate South America whose faunlstlc
contribution may be limited to late Pliocene. Twenty-
one separate lineages traceable to basically arid stock
but not definitely associated with either Neotropical
or Arctotertlary ancestries (termed "endemic Madro-
tertlary") have contributed to the present
cool temperate North American fauna as well.

True range expansions of lineages Into novel
geofloras, usually Involve polylectlc species, or
species which have followed a successful Invasion by
their host plant (I.e., Cucurblta, Opuntla . OenotheraT }

Fetalostemon ) or species which were basically "famlly-
ollgo leges" and which were able to switch to alternate
but closely related host plants. Range extensions
associated with specialization upon a totally new
plant host characteristic of the recipient florlstlc
realm are not frequent ; all such examples cited In
Illustration 2 represent cool humid forest —> seml-arld
scrub shifts, except for two Independent Prosopls —>
Sallx shifts. (Too little data Is available to cite
any potential Neotroplc —» Madrotertlary extensions
accompanied by major host Jumps; such exsimples most
certainly exist, however, I know too little about the
pattern of host-selection In most truly Neotropical
genera)

.

An Interesting case In point Involves Andrena
( Callandrena ) , a group clearly associated with the
Composltae (except one very distinct species, A.

levlpes ) of the arid portions of Mexico and southwes-
tern United States. LaBerge has carefully monographed
(1967) the group and provided detailed postulates of
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cladlstlc relationships. Of the twenty species which
are not primarily distributed in the desert United
States or Mexico, there are eleven distinct lineages
(treating the genital\icly distinct A. haynesi as a
monotypic group). Though host generic identity of the
Mexican and southwestern United States species are
not known, it is clear that nearly all of the basic
lineages within the subgenus were able to expand into
the adjacent portions of North America by specializing
upon one particular genus (or several closely related
ones) which then provided an access route to great
geographic expansion (presumably through limited
competition) ; though several species utilize apparently
the same genus, the overlap was apparently circumstan-
tial and not determined by the nature of their as yet
unknown ancestral Mexican hosts (e.g., A. aliciae -

Helianthus/fiudbeckia ; A. melliventris - Gaillardia &
A. rudbeokiae - Rudbeckia / Ratibida ; A. acoepta -

Helianthus ; A. crawfordi / sitiliae - Pyrr ho pappus &
A. krigiana - Krigia ; A. simplex - Aster / Soli dago &
A. placata - Solidago & A. asteris / asteroides - Aster ;

A. fulvipennis - ?oligolectic? ; A. haynesi -

Helianthus ; A. helianthi - Helianthus & bracata -

Solidago & A. vulpicolor - autumnal Chrysothamnus &
A. irrasus - Amphiachry

s

/ Gutierrezia ; A. helianthi for mis
- Echinacea ; A. gardineri - vernal Senecio & A. ardis -

Ghry3othamnu37Gutierrezia ) . Thus the United States
assemblage of species are not closely related as one
might initially expect but seem to represent a
diverse array of Independent phylads, each of which
owes its range expansion in some way to a separate
Instance of host specialization —quite probably
involving generic shifts from the ancestral host In
many cases.

Table 3 summarizes the Information In the phyletic
charts as to plant genera within North America that
are known to support specialist-feeding bees. In each
case the probable number of independent evolutlonsury
switches leading to that particular host association
is Indicated In parenthesis. Generic specialization
within the Compositae, other than Clohoreae is omitted
for brevity sake. The largest number of independent
specialist groups are associated with the Compositae
(38 summer & fall composites; I3 spring Lasthenla .

Lay la , Blennosperma ; 5 spring olchorlacs Agoserls .

Malacothrlx . Anisocoma ; 5 siimmer S t ephanomer la ,

Pyrrhopappus ) ; this group contains in excess of 525
species of which the host choices are relatively
certain, well in excess of one third of all the
speclallzed-feedlng bee species in North America.
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i -Blooms at odd-time of the day ^

Blooms early In the morning
Calystegla (1;1)
Camlssonla (36;4)
Cucurbita (14; 2)
Ipomoea (6;3)
Agoserl s/Malacothrli ( 14+2 ? ; 5

)

Pyrrhopappus/Krigla (8;2)
Slcyos (1;1)

Blooms In the evening
Camlssonla ( several

)

Oenothera (25; 11)
Mentzella (several)

year :

II Blooms at odd-times of the
Blooms In the early spri ng
Amslnckla (1;1)
Erythronlum (3;2)
Llmnanthes (2;2)
Lomat 1 um/Sanl cula ( 2 ; 1

)

Rlbes (2+?;l)
Sallx (29;11)
Zlgadenus (1;1)
Ranunculus (3;2)
Claytonla (1;1)
Vacclnlum (1?;1)
spring dandelions (14+2?; 5)
spring composltes(29+8?;l4)

III Dominant plant i n community (or most abundant

Blooms at the very end
of the season

i

Aster
Baccharls
Ghrysothamnus/Haplo-

pappus (many)
Gutlerrezla/Hetero-

theca
Soil dago
Gayophytum (5;2)
Perlderldla (1;1)

Adenostoma (2; 2)"

Arctostaphylos (4+2?;3+l)
Ceanothus/Rhamonus (4+1?; 5)
Chrysothamnus/Haplopappus

(many)
Larrea (22; 12+3?)
Lasthenla/Layla ( 26+7 ? ; 1 1

)

Lesquerella (7+3?;3)

Prosopls (30+2?;9)
Hellanthus (many)
Eschscholzia (15;7)
Erlogonum (l6+3?;2)
Potentllla (alpine) (6 ;4)
Cercldlum (1;1)
Acacia (2;2.)

IV Unusual, hard-to-handle
unusually tiny pollen

uryptantha (24+2?; 5)
Mertensla (2;1)
Nama (8+2?; 3)
Coldenla (15+2?; 4)

unusually tln, y flowp-na
croton (2;1)
Euphorbia (28+10?; 11)
Erlogonum(l6+3;2)

(not fasclculatum)
Tldestromla (3+2?;2+2?)

floral morpholog y

i

pendant flowers
Chamaedaphne ( 1 ? ; 1

)

Calochortus (albus+ ) ( 2 ; 1

)

Campanula (rot.+)(l;l)
Symphorlcarpos (1;1)
Erythronlum (3;2)
Mertensla (2;1)
Dlcentra (1?;1?)
Emmenanthe (2;2)
Viola (1;1)
Vacclnlum (1;1)
Physalls/Chamaesaracha

(l6+6?;4)
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(^species } 4# ;n<:/«.^««c/*V./- /;^e«.ycs) '

IV (cont.) Unusual, hard- to- handle floral morphology :

tubular flowers; with or
without ffliard hairs

Abronia (1;1)
Amsinckla (1;1)
Coldenla (15+2?;^)
Cr yptantha ( 24+2 ? ; 5

)

Erlastrum/Navarretla
(10+3?; 3)

Heliotroplum (5;^)
Linanthus (6;3)
Nemophlla (7;4)
Verbena (3+1? ;1)
Cirslum (4:2)
Pontederla (3;2)
Passiflora (1;1)
Petalonyx (2;1)
Menodora ( 1 ; 1

)

Ipomopsis (1;1)
Eriodlctyon (4;4)
Penstemon (7+5?: 3)
Nama (8+2? ;3)
Mimulus (1+1?;2)
Lycium (2?; 2?)
Monardella (2;1)
Salvia (2+1?; 3)
Monarda (5+1? ;3)

V Flowers with oils but no nectar
Steironema (4;1)

unusually lar^e pollen
Callirhoe (2; 2)
Calystegia (1;1)
Ipomoea (6;3)
Hibiscus (1;1)
Camissonia (35;^)
Clarkia (11;9)
Oenothera (25;11)
Cirsium (4;2)
Gayophy turn (5;2)
Malacothamnus (2;1)
Sida/Sidalcea (1;1)
Sphaeralcea( 26+7? ; 10+1

)

Cactaceae ( 17+10? :3)

exclusion flowers
Dalea(23+8?;12+1?)
Lotus/Luplnus /Astragalus

(36+l4?;13+l?)
Trifollum (8;4)
Petalostemon+(12+2?;3)
Melilotus (1?;1?)

UNCATEGORIZEDEXAMPLES
total composites(4l6+74;38)
Phacelia (39+7?; 20)
total Ment2elia(24+1?;8)

(bees not nocturnal)
total Potentilla(6;4)
Capparidaceae (13+3?;9)
Calochortus (l6+3?;3)

( not pendant

)

Stephanomerla (4;3)
Lepidlum (6+2? ;2)
Gilia (6;5)
Campanula/Speculsur la ( 4 ; 2

)

(not pendant)
Heuchera (2;1)
Nothoscordum (1;1)

Polemonium (2+1? ;1)

Cornus (4+1? ;1)
Zizia/Taenidia/Thaspium

(2+l?;l)
Descuralnia (3;1)
Pallugia (3?;1?)
Platystemon/Meconella

(3+3?;l)
Kalinla+(l+l?;l)
Rhus (1;1)
Hydr ophyllum ( 1 ; 1

)

T he ly podium (i;l)
Arenaria (1;1)
Bar bar ea (1;1)
Argemone ( 1 ; 1

)
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Lumping all papilionaceous specialist-feeders would
yield about ho separate specialist bee groups, but
they are composed of only about 125 suspected
specialist taxa. Many of the papilionaceous speci-
alists are strongly genus-speclf Ic, and unlike the
composite-feeders such a lumping on the familiar
level may not be as meaningful a statistic.

All of the other groups of plants that have
coevolved with specialist-feeding bees are of quanti-
tatively a very different order of magnitude. Phacella
(Hydrophyllaceae) with at least 20 separate lineages
comprising In excess of kO species Is exemplary.
Gamlssonla (Onagraceae) and Sphaeralcea (Malvaceae)
with about 35 specialist-feeders, Prosopls (Legumlnosae)
Cryptantha (Boraglnaceae) and Sallx (Sallcaceae) with
about 30, and Euphorbia (Euphorblaceae) , Oenothera
(Onagraceae), Opuntla + (Cactaceae) and Mentzella
(Loasaceae) with about 25 specialist-feeders each
follow In that order. Of these groups however only
Sphaeralcea (11), Sallx (11), Oenothera (11), Prosopls
(9). Euphorbia (8) and Mentzella (8) are associated
with more than 5 separate bee lineages each. Other
specialist-feeding groups with 5-11 separate lineages
but only 10-25 Individual species are associated with
Larrea (Zygophyllaoeae) , Ceanothus/Rhamnus (Rhamnac-eae)

,

Cleome/Cleomella/Wl sll zenla ( Gappar 1 dac eae ) , Gllla
(Polemonlaceae) and Eschscholzla ( Papaveraceae )

.

Plant groups with even fewer associated coevolved bee
lineages but more than 10 Individual species of
obligate specialist-feeders are Penstemon (Scrophulari-
aceae), Physalls / Chamaesaracha (Solanaceae) , Goldenia
(Boraglnaceae). Eriogonum (Polygonaceae) . Gucurblta
(Cucurbltaceae) , Calochortus (Llllaceae) and Er la strum /
Navarretla ( Polemonlaceae ) . All other plant genera
with associated specialist feeders are associated with
only 1-3 sepso-ate lineages and 10 or fewer bee species,
so far as I sun aware.

The plants utilized as resources by specialist-
feeding bees are not a random sample of the North
American flora, even though the wide range of bee
sizes and energy requirements would not seem to pre-
clude many possible non-anemophllous plants. Certain
particular plant characteristics, however, seem most
favorable to the coevolutlonary relationships facili-
tating specialist-feeding habits (Table 3)

:

a) plants which bloom for a limited period very
early in the morning or late at night generally
represent the only available resource at that time
and at the very least a facultative specialization by
pollinators must result; continual competition from
generalist-feeders on other resources during the
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times when most floral resources are available might
further restrict species pre-adapted to odd-time
feeding and promote subsequent behavioral specializa-
tion. The majority of bees are associated with
morning-blooming plants; the evening blooming plant-
taxa are all primarily pollinated by moths and bee
visits have probably not been major selective forces
In evolving and maintaining the habit, though the bees
associated with Camlssonla are certainly locally
Important along the western edge of the Callfornlan
deserts and the southern Central Valley. On the
other hand, the matlnal Convolvulaceae, Cucurbltaceae,
and Clchorleae are usually rather exclusively pollina-
ted by these specialist bees. Though widespread
throughout North America today, all such close co-
assoclatlons are clearly arid southwest or Neotropical
In origin.

b) plants which bloom at the very beginning or
end of the blooming season within any community also
force a restricted diet upon whatever pollinators are
active contemporaneously. This temporally-Induced
restriction may be enhanced by selection for morpho-
logical specialization upon any short-lived bee species
whose activity Is completely restricted to these
seasons. Such "odd-time blooming" specialists are
present In all portions of North America, particularly
so In the Eastern Deciduous Forests and Mediterranean
California. Desert regions are not particularly
susceptible to this type of selective pressure, since In
the majority of Instances the entire blooming season Is
extremely short and keyed to relatively temporally
unpredictable rains.

c) Dominant plants might be expected to support
specialist herbivores even under conditions of heavy
exploitation by generallst feeders, since the resource
base Is both predictable and sufficient to permit
"table scrapping" by specialists. With the exception
of the coniferous and deciduous forested regions of
North America (the dominant species of which are
nearly entirely anemophllous) , domlnemts do support
specialized pollinators throughout the year. Interes-
tingly, In the Eastern Deciduous Forest, Cornus
( Bentheimldla ) has not coevolved with any specialist
bees, even though the less abundant Cornus ( Svlda )

has coevolved with the abundant Andrena ( Gonandrena )

.

Dominant floral resources In the California grasslands
and the Great Plains are semantic problems necessita-
ting quantitative analysis, however, Eschscholzla .

Lasthenla . Layla and Hellanthus must certainly be
analogous to dominant perennials In other ecosystems.

d) Plants with unusual tubular floral morpho-
logies or species which produce pollen with excep-
tional dimensions can be partially exploited by
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numerous strategies; however, bee species with
morphological preadaptations Increasing efficiency at
utilizing such a resource will be favored. Should
such a morphological specialization simultaneously
decrease efficiency at exploiting more generalized
floral syndromes, progressive positive selective
feedback would be expected to result In the accentua-
tion of both morphological adaptation and speclallzed-
feedlng habits. Bees collecting large pollen usually
have long thick sparse transporting scopal hairs; bees
collecting the small splkey pollen of the Composltae
usually possess dense fine highly plumose scopal hairs;
bees exploiting tubular morphologies generally have
special setae on the mouthparts or front legs enabling
extraction of pollen. This classification of floral
hosts has by far the most component examples, especially
plant genera with nsurrow tubular morphologies; frequently
such plant genera are pollinated by many pollinators
other than bees and hence such an adaptation should noz
be assumed to be a specialized morphological adapta-
tion on the part of the plant resulting from the
activity of specialist-feeding bees, Indeed I believe
the relation Is not causal In the majority of cases.
Nearly all plant genera In category (d) are arid
adapted (or originally so) ; the only clear forest/
moist associated taia are Erythronium . Mertensia .

Campanula and perhaps some leguminaceous groups.

The data presented in Table 3 indicate that these
special circumstances are Indeed often correlated with
speciallzed-feeding tendencies. However, many plant
genera with specialist pollinators cannot be included
in these four categories. In cases (a), (b) and (d)
the plants which are associated with specialist-
feeders are generally even more frequently associated
with generalists as well. Some plants evidencing
strategy (d) and most of those which bloom at odd times
of the day are the only species which rely upon
specialists exclusively for their pollination.

These data on host-specialization are of coxirse
very preliminary; many taxa remain unknown and some of
the associations extrapolated from known close relatives
are probably incorrect. Thanks primarily to Professor
Timberlake and the many apidologists associated with
the University of California, California and west
Sonoran Desert bee species are relatively well-known.
Robertson in Illinois, Michener in Kansas, Bohart in
Utah and Rozen and Neff in southern Arizona have also
provided great amounts of floral data, but much of the
country, particularly the eastern United States remains
poorly known. In addition, very rare species, no matter
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what their distribution, are always problematic. Lists
of specialist-feeding (known or suspected with relative
certainty) bees are presented in the appendix for each
of 10 major subdivisions of North America. Not all
species listed inhabit the entire region under consi-
deration, and hence citations in the same list do
not necessarily imply sympatry or occurrence at a
particular locality. These lists are presented in
their entirety so that: 1) future discoveries on
host-associations can be incorporated easily into the
conclusions presented herein; and 2) observations on
pollination ecology of plant species in different
parts of the country might be facilitated. Listings
for the different regions of California are too
voluminous to incorporate; interested persons may
obtain them from the author directly.

The proportion of specialist-feeding bees (of
total resident non-parasitic bee species) in all
biotic regions of North America is correlated to
species richness (Illus. 3). This positive correla-
tion is observed within the geographic regions of
California as weir (Illus. 4). The percentage of
specialist-feeders varies 'from a low of 15-22^ in the
forested and boreal regions of North America to 35-^5%
in the Great Plains and Great Basin, to a high of
ca. 50% in mediterranean California and the desert.
As documented in Moldenke (1976b) the percentages
within subregions of California run much higher,
clustering between ^0-55^ in most regions, with a low
of 30% in the immediate maritime province to a high
of 60;^ in the Mojave Desert. Within California, as
noted from an entirely different point site viewpoint
in Moldenke (1971), the alpine Sierra Nevada is
noteworthy in supporting very few total bee species,
a remarkably large 50% of which are specialized
feeders (nearly all the specialist-feeding species
are extremely rare however).

The total number of plant genera specialized
upon within a region is also directly correlated to
species richness. The niimber of plant genera with
specialized feeders is highest in Taediterranean
California (55) and lowest in the Southern Mixed
Forest (10) and tundra (6). The bee fauna of the
forests of upper Austria falls on the low end of the
curve (18 genera with coevolved specialist-feeding
bees; 27 (12^) total specialist bee species —Hamann
& Koller, 1956), considerably below levels observed
in the boreal forests of the United States (still
poorly studied —and probably will yield more cases
of specialization upon subsequent analysis. No
comparable data from other parts of the world are
available.
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ILLUSTRATION 3

NORTHAMERICAN BEE DIVERSITY. Abbreviations as In Table 1.

Faunal estimates of Great Basin and Tundra not considered

robust enough to be considered In mathematical correlation.

Slope significant at ^^% certainty level.
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ILLUSTRATION 4

CALIFORNIA BEE DIVERSITY AND HOST-PLANT SPECIALIZATION.
Abbreviations as In Table 2. Paunal estimates for AS,
NGB & GB considered too tentative for mathematical
analysis; slope significant at 90^ certainty level.
Average degree of specialization for compound regions
Indicated In squares: C=coastal; CV=central valley;
GB; total Great Basin; D=desert ; MSoC=montane southern
California; S=Slerra/Cascade axis.
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Within this group of specialist-feeding bees,
the partial specialists "to the family level" (e.g.,
Composltae, Legumlnosae) only Increases as the total
number of bee species and the percentage of total
specialists decrease (Illus. 5). There Is a semantic
problem entailed In this analysis, however, since
these type of "ollgolectlc" feeding patterns require
extensive study, to determine whether such species in
reality do utilize a number of unrelated confamlllal
plants throughout their range or whether there may
be Instances of true "generic specialists" Included
mistakenly within In the absence of more complete
data. However, since this same trend is evident within
the relatively better-studied subreglons of California
as well (Illus. 6), I presume It Is not artlfactual
but reflects a reality of competition between
specialists and generallsts within constrained
resource systems (ms. in prep.).

CONCLUSIONS

I. The host-association data base of North American
bees is sufficient for tentative conclusions regarding
many important aspects of host-plant specialization
patterns.

II. There is only a 3-fold difference in bee species
richness in the major phytogeographlc realms of North
America (excluding the depauperate tundra).

a) the high California bee diversity is in some
ways an artifact of artificial political boundaries.

b) Great Basin and Southern Mixed Forest support
fewest bee species; mediterranean California and
desert support most bee species.

III. There is only a 3 "fold difference In bee species
richness between geographic regions of California.

a) cismontane southern California, southern
Sierra Nevada and southern Coast Ranges are species
rich; northern montane and coastal are species poor.

IV. There is not a clear species/area relationship
underlying conclusion II. Bee species per area varies
about 6-fold (excluding tundra), unrelated to possible
simple causative correlations, but is an additional
order of magnitude greater in mediterranean California.

V. True host specialization and host shifts have
occurred about 25O times within the North American bee
fauna.

a) nefiurly all ancestral stocks are primitively
poly lectio; nearly all diet changes are from
polylectlc —̂specialist. There are no known
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specialist —» polylectic switches; such switches are
apparently therefore one-way changes only.

b) considering the diversity of the North
American flora and North American bees In general, this
Is a surprisingly small number of host changes, relative
to the number of common North American mellttophllous
plant genera not supporting specialist pollinators.

d) most such shifts onto a novel plant are not
particularly successful, measured In subsequent
adaptive radiation;

e) some Immigrant phyletlc lineages have entered
the United States as specialists and have remained so
on the same plants

;

f

)

the two largest genera of North American bees
are characterized by the highest levels of host-
speclallzatlon; the third largest by perhaps none at
all;

g) only 53 switches are known from
specialist^ —> specialist^ (a not confamlllal with b)

.

Nearly all true host switches take place In the
southwestern deserts or mediterranean California
(equally); this type of host switch Is characteristic
primarily of Nomadopsls and Perdlta ( Pygoperdlta )

;

h) few host switches are between visually similar
taxonomlcally unrelated plants; few (except poorly
docximented Composltae) between very dissimilar but
confamlllal plants; most between groups without
distinct characters In common —sometimes the switch
is to a dominant community member, sometimes to the
only synchronous bloomer, many unexpllcated.

VI. Arctotertlary-and Neotropical- associated bee
lineages have contributed about equally to pollination
ecology relations In arld/seml-arld western plants.
Range expansions Into close association with a novel
geoflora Is usually by poly leges, or by specialists
whlcn are already associated with an Invading plant
genus, but occasionally by host shifts presumably onto
a novel host In a region of parapatry. Nearly all
such shifts have been from Arctotertlary to Madro-
tertlary floras ; only two from Madrotertlary to
Arctotertlary

.

VII. Most specialist-feeding bees In North America are
ollgolectlc on Composltae and legumes. More species
are associated with Phacelia than any other genus.
Most plant genera with obligate specialist pollinators
have coevolved with only 1-3 lineages and less than
10 species.

VIII. Bees tend to coevolve specialist-feeding rela-
tionships with plants which:



1979 Moldenke, Host-plant coevolution UOl

a) tend to bloom only early In the morning or
late in the evening;

b) those which bloom at the onset or close of
the anthesis season for that particular community;

c) are community dominants;
d) plants with unusual floral morphologies (i.e.,

thin tubular corollas, extremely large or small pollen
grains, pendant blossoms and unusually tiny flowers).

IX. The percentage of specialist-feeding bees on a
faunistic basis varies from ca. 15-50^:

a) percentage of specialist-feeders is positively
correlated to total bee diversity;

b) highest percentages occur in Mediterranean
California and the desert, lowest in eastern deciduous
forests

;

c) the total number of plant genera with coevolved
specialists in biotic realms of North America is also
positively correlated to total bee diversity (but
disproportionately highest In aed. California);

d) oligolectic "specialists to the family level"
are negatively correlated to total species diversity
within the floristic provinces of North America and
within geographic regions of California.
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APPENDIX :

The lists which follow represent an attempt to catalogue
the specialist-feeding bees associated with particular
host-plants throughout the major blotlo provinces of
North America. Following the entry of each bee species
Is a designation of the assurance I have In Its host
association: F = relatively certain fact based on con-
siderable host collection data and perhaps pollen
microscopic analysis In addition; IV = tentative assign-
ment, relatively certain of validity but needs mlcro-
sc6plc verification; ZO = uncertain host-association
made In the absence of sufficient direct data, usually
on the basis of the known behavior of close relatives.
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Specialists In Mediterranean California

Compoaltae
Collstea an^elloua ?; annae dlsseptus F; fulgldus fulgldus ?; fulgldus

longlplumosus F; lutzl montloola IV; ochraceua IV; slmulans almulana ?.
Hesperapla semlrudls IV; n. sp. IV.
Andrena cltrlnlhlrta P; isocomae P; pallldlfovea F; scutellinltens F.
Heterosarus callfornlous ; compaotus F.

Calllopsla oernardlnus F; puglonls F.

Ferdlta ( octomaoulata) enaenadenala F; hlrtlceps luteoclncta F; scltula
antiochenals P; (zonalls) colel P; erloamerlae F; foleyl F; Interserta
Interserta F; lepldospartl lepldoapartl F; lepldospartl novella IV;
lompocensls ZO; melanderl ZO ; oblspoenala ZO ; pallidlventrls ZO

;

poilta F; punctlfrons F; repens ZO: rlvalls F; aoottl F; slmllla slmllls
P; sweezyl P; zonails bernardlna P; zonalla montloola F; zonalla zonalla
F; (ventralis) colel F; (zonails) clliata.

Dufourea australls australis P; australls mexlcana P.
Dlanthldluffl parvum schwarzl P; pudloum oonslmlle ?(+?); slngulare F; uikel P.
Ashmeadlella bucconls dentloulata F; cubloeps olypeata P.
Herladea cressonl IV.
Anthocopa hemlzonlae ?.

Oamla ooloradensls F; tezana ?; calif ornlca F; grlnnelll F; nontana
quadriceps P; subaustralls P.

;4egachlle aiata F; nevadensls P; subnlgra angelica F; parallela facunda P;
perlhlrta P; fldells P; Inlmlca Jacumbenals P; inlmlca sayl F; pugnata
pomonae F; pugnata pugnata P.

Sxomalopsls chlonura IV.
Dladasla enavata P.
Anthophora ezlgua P.

Xenoglossodes davldaonl F; pomonae P.

Svastra obllqua expurgata F; sablnenala nublla P; teiana eluta P.
Mellaaodes rlvalls F-Clrslum; luplna P; lustra F; glenwoodensla ?; agllls P;

semlluplna ?; blmatrls ?; blcolorata F; expollta F; robustlor F; hurdl F;
pallldlslgnata F; lutulenta F; vernalls P; velutlna F; saponellua F;
apressa F; mlcrostlcta F; paulula F; peraonatella F; melanura F; moorel F;
confusa F; mlchenerl P.

Laathenla
Andxena baerlae F; dubolsl P; latlventrls ZO ; dlsalmulana IV?; esslgl ZO?;

hermosa IV; orthocarpl IV?; penallla ZO?; puthua f; submoesta F; vexabllls?
Dufourea callfornlca P.

aiennosperma
Andrena blennoapermatls P.

3tephanomerla
Perdlta hlrtlceps hlrtlcepa Pi Mellsaodea nlgrlcauda P.

Chaenactls/Erlophyllufli
rtlcralictoldea altadenae P.

Layla
Andrena sublaylae F; laylae ?; latlvantrls ZO?; dubolal F; eacondlda ?.
Perdlta aureovlttata aureovlttata P; laylae baaallcola P; laylae excisa p;

laylae laylae P.
Dandellona/Malacothrlx

Perdlta vandylsel IV; aureovlttata aureovlttata P; aureovlttata atenozona F;
aureovlttata maderensla P.

Andrena malacothrlcls P.
Dufourea malaoothrloia F.

Dandellons/Agoaeria
Andrena (Dlandrena) ablegata P: agoserldla F; chlorosoma P; chalybloldea F;

evoluta P; gnaphalll ?; ollvaeea P; aubchalybaea F.

Legumes
Anthldlum atrlpea ?; clypeodentatuai F; emarglnatum P; mormonum P; palllventre

F; tenulflorae P; utahenae P (e, m. p, & t with Phacella too)
Osmla Integra P; nlgrlfrons F; nlgrobarbata ?; obllqua F; physarlae P; sodula

llogastra P; luplnlcola F; latlsuloata P; calla P; clareacens P; mallna P;
oyanopoda IV; Islncaldll P; regullna IV; aanctae-rosae P; denaa denaa P;
denaa pogonlfera P; gabrlells P; + many potential speclea ZO.

ilegachlle conclnna IV; melanophoea submelanophoea P.
Synhalonla —many potential speclea ZO.

Melllotua
dylaeua blslnuatua IV.

Trlfollua
Andrena plana P.
Nomadopala anthldlua anthldlus P; anthldlua lutea F; trlfolll IV.
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Lotus
Perdlta pyrlfera ZO; trlalgnata F.

Nomadopsls melllpes IV.

Ancylandrena atopoaoma ?.

Anthlllum collectum P; paHldlclypeum F.

Oamla aglala IV+Penstemon?.
Ashmeadlella tlmberiakel sollda F + Phacella; tlmberlakel tlmberlakel F +P.

Proterlades bunocephala F; howairdl F.

Phacella
Colletes oallfornlcua F; turglventrls F; censors pascoensls IV +?.

Andrena nigra F; vlrldlsslma F; nlgroolypeata ?.

Nomadopsls barbata IV; phaceliae IV.

Conanthallotus bakerl F; aacrops F; nigricans F.

Protodufourea parca F

Dufourea mullerl F; trochantera P.

Anthldlum bannlngense F; tenul florae P; palmaruin F; collectum F; emarglnatum

moraonum F; palllventre F; {o, e, m. t, 4 pall, on Lotus too) "» '

Chelostoma callfornloum F; Inclsulum F; marginatum marginatum F: marginatum

Inclsuloldes F; mlnutum F; phaceliae F.

Ashmeadlella mlchenerl ?; tlmberiakel tlmberiakel P -t- Lotus; tlmberiakel

sollda P + Lotus too.
flopiltls fulglda platyura - emphasis only.
Proterlades mohavensls ZO.
Anthocopa phacellarum IV +?; copelandlca albomarglnata - emphasis only?

Emmenanthe
Conanthallotus semlnlger F.

Protodufourea wasbauerl F.

Penstemon
Ashmeadlella australls P.

Anthocopa anthodyta anthodyta F; elongata F; hebltls F; pycnognatha

pycnognatha P; pycnognatha solatus ?; trlodonta trlodonta ?; trlodonta

uslngerl F.

Osmla —several species perhaps IV.

Gryptantha ^ ^^ 4 o
Andrena oryptanthae F; osmloldes osmloldes F; osmloldes benltonls F;

tlmberiakel F ^ ^ .,,1

Proterlades bohartl ZO; Jaclntana F: caudex F; evansl F; Incanescens tota IV.

nanula sparsa f; nanula nanula F; semlnlgra seminlgra F; semlnlgra

yosemltensls F; semlrubra F; trlstls F: trloauda P; remotula P.

Camlssonla
Hesperapls nltldula - emphasis only.

Andrena (Dlandrena) anatolls F; apasta P; chalybaea F; cyanosoma P; eothlna

foxll F; macswalnl P; parachaiybaea ?; sperryl Pi (Onagandrena) blalsdeil

F; chyllsmlae P; convallarla convallarla P; con-rallarla subhyallna F;

flandersl P; furva F; oenotherae P; orarla actldls P: orarla orarla P;

rozenl F; vespertlna F.

Dufourea boregoensls F; oenotherae F; saundersl P; scintilla F +; truncata

F; tlmberiakel F; tularensls F.

Oenothera
Evylaeus aberrans P.

Clarkla
Hesperapls regularls F; Andrena bernardlna F; lewlsorum F; omnlnlgra clarkla

F; omnlnlgra omnlnlgra F; Dufourea macawalnll ?: Megachlle gravlta F;

pascoensls F: Dladasla angustlceps P; Meilssodes clarklae F; Tetralonla

venusta csirlnata P; Ceratlna sequolae P.

Erlogonum
, ,. a

ashmeadlella rufltarsls P; altadenae ZO; Perdlta claypolel australlor F:

claypolel claypolel P; claypolel llmulata P: Juounda F: novadensls

nevadensls IV; nodoscornla F; rhols reducta - emphasis only; rhols

rhols - emphasis only; tlmberiakel F; varleyl nlvelpennls P; yoseml-

tensls P.

31 da
Dladasla consoclata F.

Mala c othamnus
Dladasla iatlcauda F; nltldlfrons F.
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jldaleea
Dladasla nigrifrons F.

Eachscholzla
Hesperapls pelluolda ZO; n. ap. F; Andrena haroldl ?; Nomadopsls obacurella

F; Perdlta coallngensls F; Interrupta vernalls F; nltens IV; quadri-
slgnata IV; dlstroplca F; monterreyensls F; obtuaa ? (d, m, & o on
Calochortus too); Mlcrallotoldes ruflcaudi3 F; Dufourea leachl Fj
Andrena ooactlpostlca IV.

Platystemon/Meconella
Dufourea leachl F; Andrena angustlorus F; aqulla W; blareola ZO; buccata 20;

stlpator P.
Ceanothus

Andrena ceanothlf lorls ?; candldlf orinls F +?; cleodora melanodora F;
cleodora cleodora ? +?j luplnl IV +?; scurra acurra IV ; Panurglnus
- several species possible; Perdlta nlohenerl IV (emphasis only)

Ranunculus
Andrena coerulea F; suavls F; cunellabrls F; Panurglnus aelanocephalus IV:

nlgrlhlrtus IV.
Nemophlla

Andrena orudenl F; subnlgrloeps ?: torulosa F; vlrldlsslma P; nemophllae F;
macrocephala macrocephaia F; macrocephala tetleyl P; Panurglnus sop. ZO.

Potentllla +
Andrena melanoohroa F; Nomadopsls comptula F; edwardsll P.

Euphorbia
Nomadopsls hellanthl F.

Calochortus
Perdlta calif ornlca oallfornlca F; caloohortl P; dlstroplca ?; macrostoma

IV; monterreyensls P; obtusa ?; tularensls F (d & mon. on Eachscholzla
too); Nomadopsls olncta hurdl F; edwardsll F(l population only);
Dufourea dentlpes P-albus group.

Arctostaphylos
Andrena arctostaphyllae F; Tetralonla acerba F; Emphoropsls cineraria IV;

dammersl IV.
Opuntla +

Ashmeadlella opuntlae P; Dladasla australls calif ornlca P; opuntlae F;
rlnconls mlmetlca P; rlnconls rlnconls P.

Lomatlum/Sanlcula
Andrena mlcrochlora F; pallldlscopa pailldlscopa F; pallldlscopa

trlfasclata p.
Perlderldla

Perdlta nevadensls cuibertsonl IV.
Rlbes

Andrena callglnosa ?; submaura F; n. spp. F,

Mlmulus
Nomadopsls trlfolll IV + (Trlfollum) ; Dufourea peotlnlpes ZO; versatllls

versatllls IV; versatllls rubrlventrls F.
Llnanthus/Gllla
Andrena levlpes F +?; Perdlta proplnqua IV; Dufourea brevlcornls P;

callentensls P; gllla F; llnanthl F; tuolumne F; vanduzel P; Hesperapls
ruflpes P; Mlcrallotoldes n. sp. P; Dufourea fenorata P; pectlnlpes
ZO?; versatllls versatllls IV?;

arlastrum/Navarretla
Perdlta rlchardsl ZO ; blalsdelll ZO; leucostlota F; navarretlae powelll

IV; navarretlae angustlceps IV; navarretlae navarretlae P; pelargoldea
Pi davldsonl ZO ; erlastrl erlastrl F; erlaatrl fuaclventrla F.

Cucurblta
Peponapla prulnosa angelica P; Xenoglossa strenua P; angustlor P.

Zlgadenua
Andrena astragali P.

Sailx
Andrena alblhirta ?; perarmata ?; rhodotrlcha ?; thaspllformls ?;

anneotens P; buoculenta F; conolnnula P; glbberls IV; nevadensls P;
cressonl Infasclata ?; huardl 7; opacella ?; Ishll F; subaustralls
P; semlpunotata P; Perdlta sallols occldentalls F; sallols
personata P; sallcls trlstla P; Colletes zerophllua clsmontanus P.

Adenoatoma
Hesperapls lllclfollae F; Perdlta fleldl P; rhols reducta F - emphasis

only; rhola rhols P - emphasis only.
Salvla/Lepechlnla/Trl Ghost ema

Ashmeadlella salvlae P.
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Lepldlum
Andrena lepldll IV.

i-lonardella
, , o

Nomadopsls timber lakel F; zonalls slerrae ?; zonalls zonails F.

Amslnckla
retraionla amslncklae F.

Gal.ystegla
Dladasla bltuberculata F.

Llmnantnes
Andrena llamanthls F; Panurglnus ocoldentalls F.

Hellotroplum , ^ ,.

Perdlta heilotropll perducta F; IJomadopsls hesperla equina .-
;

hesperla

hesperla F; Antnophora flavoclncta IV.

Arenarla ?

Andrena subapasta IV.

"Chelostom2 cockerelll ?: Nomadopsls llnsleyl F: fracta ?: Hoplltls colel P.

Gayophytum
Oufourea davldsonl F; spllora F^ subdavldsoni F.

Specialists In southwestern Deserts

Gomposltae „ _

Coiletes compactus oompactus F; compactus hesperlus F; annae annae F:

annae dlsseptus F: rufoolnctus F; latlclnctus F; gypslcoiena F;

teotlventrls IV.
., a ^

Hesperapls fulvlpes F - Geraea; arenlcola P - Geraea; 2 n. app. F - Geraea;

Andrena ( Callandrena ) isocomae F: balsamorhizae F; nontloola F; acoepta F:

allclarum F - Pectls: perpuncta F - Heterotheca ; hellanthl F; ofella IV;

aurlpes ZO ; imlplcolor F - Chrysothamnus ; trlaiaculata IV; te?ularl3 IV;

pecosana F; ardls F; barberl ZO ; oalvata F: neomeilcana IV: peotlUs
F - Pectls: slmuiata IV; sonorensls F - Gutlerrezii F.

Calllopsls desertlcola F: pectldls F; coloratlpes F: tlmberlakel F; orypta

F; rozenl P; unca F;

Protandrana pectldls F; verbeslnae lY;

Pseudopanurgus fraterculus tlmberlakel F; fraterculua fraterculus F;

aethlops F; perpunotatua F; dlcksonl IV; pectidellus F; cazlerl ZO;

vertloalls ZO; „ . _
Perdlta (ventralls) snelllngl F: austlnl P; brevlhlrta F; semlorocea P;

(martini) amlcula ZO?; (sldae) ovallceps ZO ; ( Cockerellla) alblhlrta

alblhlrta P - Geraea; alblhlrta gereae F - Geraea; luculenta ZO;

ooreopsldls collarls F - Galllardla; alblpennls pasonls IV: beata

beata F: Incana ZO: lepachldls lepachldls F: perpulchra F; verbeslnae

verbeslnae F - sunflowers: utahanals F - Pectls: (Xeromacrotera)

cephalotes IV; (Pentaperdlta ) albovlttata F: Idahoenals ?: mandlbularls

F - Geraea/Chaenactls ; melanochlora F: amoena ZO : chrysophlla P;

megaoyga F; (Hexaperdlta) bebblae - F 3ebbla: oalllcerata F - 3alleya:

heterothecae heterothecae P - Heterotheca: asterls F; heterothecae

trlzonata F; compacta IV: Ignota Ignota F; zanthlsma F; foveata

perslmllls IV; oambarella platyura F: (zonalls) atnpla F; fraterna F;

irregularis F - Chrysothanmus ; baccharldls P - Baccharla; baslnlcola

ZO; chrysothaoml F; dloksonl P; erloamerlae P; Interserta F;

isocomae F; lepidospartl lepldospartl F; nlgroclnota ZO ;
pallescens

P: zonalls zonalls P; taenlata P; to«iaendl F; piaclda ZO; primula

ZO; proxlma P; scocla ZO; scottl F - Chrysothaoinua ; slallls slmllla

P; sweezyl P - Erlgeron; (ootomaculata) abdomlnails F - Pectls;

elegana F - Palafoxia; apacheorum F; butlerl P - Pectls; af finis

F; flavlfrona F; halll ZO ; Indloensls F - Haplopappua; media P;

mlmula F - Haplopappua; melanostooa alboolncta P; aplopappt f;

crocelpes P - Gutlerreza; fallax P; gutlerrezlae P; aperta P -

Gutlerrezla; blpartlceps F; dalyl P - Haplopappus: laslogastra F -

Pectls; macullpes F - Haplopappua; meslllensls F: plucheae F;

retusa F: scltula scltula F; trlflda P: trloaculata F; x^^nthodes F;

nuda P: pelluclda F - Haplopappua; phymatae F - Gutlerrezla;

reperta F - Chrysothamnua : seduloaa P - Baccharls; sejuncta
f

-

Gutlerrezla: snowll F; transllneata F; ( subfasclata) subfaaolata F;

Mlcrallctoldea arlzonensls F - Chaenactla;

Dufourea australls australls F; dammersl P: oryx F:
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Coaposltae (oont.)
Heteranthldlum autumnaie ZO?;
Paranthldlum Jugatorlum Jugatorlum F - sunflowers; Jugatorlum butlerl

P - sunflowers;
Olanthldluai curvatun sayl F; desertorum ZO; heterulkel tieterulkel F;

heterulkel fraternum F+? ; Impllcatum IV?; parvuoi parvum F; platyurum
inohavenae F; platyurum platyurum P; ulkel ulkel P; ulkel perterrltum
F; ourvatum xerophllum P;

Herlades teiana ZO +?; cruolfera ZO +?;
Anthocopa mlrlflca P; vlgulerae F;
Ashmeadlella bucconls dentlculata P; oubloeps olypeata F; dlfuglta

emarglnata F;
Megachlle alata P; subnlgra angelica F - Chaenactls; townsendlana ZO

;

Inlmloa sayl P; mellltarsls F; polioarls F; subfortls ZO?; frugalls
frugalls - emphasis only; frugalls pseudofrugalls - emphasis only;
soledadensls IV?; parallela facunda F; rossl F; sablnenals P;
manlfesta F; mohavensls IV?; subparallela P; fldells F;

txomalopsls solldaglnls IV; gutlerrezlae IV?; compaotula IV?;
Dladasla enavata F - Hellanthus;
Syntrlchalonla exqulslta F - Hellanthus;
Anthophora exlgua F - Chrysothamnus ; macullfrons F - Chrysothamnus

;

petrophlla F; ourta ? - emphasis only:
Svastra hellanthelll P; obllqua expurgata P; palildlor F; texana texana

? ; texana eluta F; machaerantherae P; petulca suffusca F (all pre-
ceding species emphasize Hellanthus); sablnenals nublla F;
sablnensla iaterufa IV; sablnenals sablnenals P; slla F;

Mellssodea relucens ? - Haplopappua/Chrysothanmua; agllla F - Hellanthus;
faaclatella P - Haplopappua ; llmbua P; montana P - HellanthU3+;
subagllla P - Grlndella; coreopsis P - Hellanthua/Aater/Solldago

;

exllls F; humlllor F - Aater/Solldago/Haplopappua ; pallldlslgnata P;
rlvalla P - Clralum; submenuacha P - HellanthU3+; plumosa F -

Hellanthus; menuachua P - Soildago /Grlndella; oohraea P - Haplopappua/
Chrysothamnus; oerussata P; expollta F; lutulenta P; utahenals F;
brevlpyga F - Haplopappus/Chrysothamnus ; vernalls P - c;rlgeron+;
appressa - Hellanthus/Grlndella+ ; velutlna F; personatella F;
verbealnarum IV;

Stephanomerla
Perdlta albonotata F; hlrtlcepa aplcata P; stephanomerlae P.

Pyrrhopappus
Andrena tonkaworum ZO?(»EngeliDannla).

ancella
Anthocopa encellae encellae P; encellae mortua P.

y.alacothrlx
Andrena agoaerldls P+; ollvacea P; malacothrlcldls P; Dufourea malaco-

thrlcls F; Nomadopsls puellae P; Perdlta dammersi F; malacothrlcls
malaoothrlols F; malacothrlcls unlca P.

Leguaea
Ahthldlum atrlpes F; clypeodentatum IV; dammersi IV; palllventre F +

Phacella; emarglnatum P + Phacella; utahense IV - emphaala only;
Ashmeadlella cazlerl F; Anthocopa nltldlvltta F; robustula F - Dalea;
segregata ZO; tlmberlakel IV; Oamla tltusl P; llogaatra p;
latlsuloata F; clareacena P; Chaloatomoldea chllopaldla P; brown! IV;
lobatlfrona P; oocldentalls F (b, o, 1 & o emphaala tree legumea)

;

subezllla P.
Lotus

Anthldluffl pallldlclypeuD IV: Ancylandrena atopoaoma P; Aahmeadlella
arldula arldula - emphasis only.

Aatragalua ?

Anthophora porterae IV?; Momadopala zebrata IV7
Petaloatemon

Colletes gllenala ZO ; Perdlta perpalllda IV.
Dalea

Colletes petaloatemonls IV: Heaperapla leucura P; n. sp. P; Nomadopala
aelllotl IV?; Ancylandrena koelbelel F; Perdlta ampllpennla IV;
hlrsuta P; chlorls F; eremlca IV - emphasis only?; erythropyga P;
paroselae P; Heteranthldlum bequaertl F; Aahmeadlella Inyoansla P;
ereoia IV; eurynorhyncha IV; cazlerl IV +? ; rhodognatha P; xanomaatSLX
P: Hoplltls elongatloeps ZO; paroselae IV; Anthophora hololeuca F;
Anthocopa daleae P; hypostomalls F; hurdlana P; rubrella rubrelia ZO

;

rubrella rubrlor F; rubrella oacawalnl P.
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Coiietes calif ornlcus F; curglventrls F; Andrena nigra P; palpalls ?;

Nomadopsls phaoellae IV; Perdlta ouspldata P + Nam; dentata IV;

eremophlla IV; nlgrella IV; Conanthallctus bakerl F; caerulescens F;

cockerelll F: macrops F; minor F; wllmattae F; Mlchenerula beamerl P;

Protodufourea n. spp. F; Dufourea tnullerl F; trochantera F; Anthldlum

palllventre F + Lotus: palmarum F; emarglnatum F + Lotus; Ghelostoma

[narglnatum marginatum F: Proterlades bulllfacles F; aohavensls IV +

I'^ama; Anthocopfi beamerl F + Nama; rupestrls P; oopelandlca arefacta F.

Mentzella/gXicnlde ^ . „
Hesperapls latlceps F + Sucnlde; Megandrena mentzellae F; Perdlta atrata P

adustlventrls F + Suonlde ; blcuspldarlae F ( Involucrata only);

koelbelel conolnna P (Involucrata only): koelbelel koelbelel F (Involu-

crata oniy)(+ jiucnlde): mentzellae F; mentzellarum F; vlrldlnotata ZO?

:

perplexa F: nlgrldla P: punctlfera F; falcata P; Conanthallctus

mentzellae F; Xerallctus timber lalcel F; blcuspldarlae F; n. sp. F (all

3 Involucrata only); Ashmeadlella leachl F.

Petalonyx
Perdlta eillls F; crandalll F,

Erlogonum „ . j d
Perdlta clypeata clypeata P; clypeata Immaculata P; dlstans P; Jucunda F;

labrata F; lucens F: nasuta nasuta F; nasuta galactlcoptera F: nasuta

obscurescens F: pectoralls IV; semllutea F; thermophlla thernophlla P;

thermophlla trllobata P; tlmberlalcel P; varleyl varleyl F; xerophlla

fuscloornls F; xerophlla xerophlla F;

Coiietes olypeonltens F; covllleae P; larreae F: sallcola F; stephenl F;

Megandrena encellae F +?: Hesperapls arlda F; larreae F; Nomadopsls

foleyl F; larreae F; Anoylandrena larreae F; Perdlta covllleae F;

flavlpes IV; larreae F; punctulata IV; semloaerulea F; lateralis

lateralis F - emphasis only; marclalls F - emphasis only; Hoplltls

blscuteilae F; Heteranthldlum larreae F; Smphoropsls pallida F.

Penstemon
, „ , . -yr,-,

Anthocopa abjecta abjecta IV; anthodyta anthodyta F; arlzonensls ZO?;

elongata F; panamlntensls ZO ; pyonognatha pycnognatha P; trlodonta

trlodonta P.

"Zxomalopsls sldae IV; Dladasla consoclata IV; affllctula ZO.

Sphaeralcea ^ , „
Hesperapls n sp. F: Protandrena sphaeraloeae IV?; Andrena sphaeralceae P;

Calllopsls rhodophlla IV?; Coiietes sphaeralceae F: Hypomacrotera

subalplnus subalplnus ?; subaiplnus andradensls P; Dufourea vandylrel F;

Perdlta arcuata dlnognatha P: brldwelll P: latlor P; portalls P:

sphaeralceae sphaeralceae F; sphaeralceae altloola P; magnlceps IV;

haplura IV; letralonla albescens ZO? ; mohavensls ZO? ;
Dladasla lutzl

F: dlmlnuta F; martlalls F; sphaeralcearum sphaeralcearum P;

sphaeralcearum afflnls F; tuber cull frons F; valllcola P; megamorpha ?:

ollvacea P+ ; palmarum F+.

Argemone
Perdlta argemonls F: Andrena argemonls - emphasis only,

cschscholzla ^ , . _ ^._ ,-,

Nomadopsls obseureUa F; Perdlta Inflexa P: Interrupta Interrupta r

;

mohavensls P; mucronata F: robustella P; duplonotata ?; mohavensls

plmana ZO?
Abronla

Anthophora abronlae F.

Ashmeadlella salvlae F; Perdlta salvlae IV.

AnHrpna ervntanthae F; Proterlades baslngerl P; bldentlculata F;

^r^tanthae F; deserMcola F: hamullcornls P; incanescens Incanescens

IV; incanescens nevadensls IV: nanula nanula P; nlgrella attonlta F;

nlgrella nlgrella P; pygmaea F: reduota F; slmllls F; palmarum F;

xerophlla P.

^Andre^^toiandrena) sperryl F; (Onagandrena) boronensls F: ohyllsmlae P:

convallarla convallarla F; convallarla subhyallna F; desertlcola r

.

flandersl F; anograe F; mojavensls F; oenotherae F; rozenl F^
Toeno-

tlncta IV; vespertlna F: Dufourea boregoensls r; nudlcornls P + ueno

thera; latlfrons P; scintilla P+.
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Speclallats In southwestern Deserts (cont.)

Oenothera
Hesperapls wllmattae - emphasis only; Andrena llnsleyl F; Perdlta pallida

F; bequaertlana F; livylaeus aberrans F; Spheoodogastra noctlvaga P;
Anthedonla nevadensls F; oompta F; Tetralonla venusta venusta F;
Anthophora affabllls ?; aterrlma F.

Nana
Conanthallctus desertlcola F; alnor F + Phacella; namatophllus F;

ruflventrls F; conanthl F; cotullensls F; Sphecodosoma dlclcsonl F;
prattl F: Protoduf ourea n. sp. P + Phacella; Proterlades nojavensls
F + Phacella; Anthooopa rupestrls P; beamerl F (both + Phacella);
Perdlta cuspldata F + Phacella; namatophlla F.

Tldestromla
Protandrena tldestromlae ZO? ; Nomadopsls oallosa ZO; Exomalopsls

ruflventrls F; Perdlta cladothrlcls F; drymarlae ZO?
Verbena

Calllopsls verbenae F; hlrsutlfrons F.

Acacia
Colletes platycneoa IV; Eulonohoprla punctatlsslma P.

Ipomop3l3
Perdlta glllae F.

Menodora
Slmanthedon llnsleyl P.

Euphorbia
Calllopsls squamlfera P; anomoptera P; rogerl P; llmbus F; gllva F; fulglda

P; Nomadopsls nlgromaculata P; Protandrena euphorblae ZO? ; Pterosarus
nanulus IV; 2xomalopsls euphorblae P; Perdlta euphorblae F; mellea F;
minima F; polyoarpae P; hellanthl F; blguttata F; oochlseana IV;
crassula ZO ; crotonls crotonls F + Croton; nanula F; obaourella P;

Prosopls
Colletes algaroblae F; desertlcola IV?; perlleucus ZO? ; prosopldls F;

Hylaeus sejunctus IV?; Perdlta ashmeadl slmulans F; ashmeadl vlereckl
F; dlfflcllls F; dlscors ZO; exolamans P; genalls genalls F + Acacia;
genalls panamlntensls F; lnnotata;F; luclae luclae F; luclae decora F;
numerata numerata F + Sallx; numerata hesperla F; nlgrlcornls P;
pallldlpes P; prosopldls P; punctoslgnata punotoslgnata F; punoto-
slgnata flava F; punctoslgnata sulphurea F; mlmoaae F + Mimosa;
sonorensls ?; stathamae stathamae F; stathamae eluta IV; trlangullfera
F; Ashmeadlella prosopldls IV?; Megachlle newberryae F + Acacia;
Chelostomoldes odontostoma F + Acacia; brownl IV + Acaola.

Coldenla
Perdlta arenarla F + Hellotroplum; bellula F; coldenlae F; frontalis F;

maculosa F; optiva F; rhodogastra F + Hellotroplum; Scutellaria P;
sexfasclata F; wasbauerl F; trlfasclata Z07; vesca Z07; dl versa ?;
Gonanthallotus c. sp. P.

Calochortus
Nomadopsls olncta clncta P; Perdlta bllobata F; blsplnata P; oalochortl

P; callfornlca Inoplna F; leucozona F; arlzonlca F; dlgressa IV?
Arctostaphylos

Andrena crlstata P; Emphoropsls cineraria IV.
Cactaceae

Perdlta carlnata IV; texana texana P; texana ablusa F; Hthurgus aplcalls
aplcalla F; aplcalls opuntlae F; arlzonensls ZO?; socorroensls ZO?;
Mellssodes opuntlella IV?; pauclpuncta F; Exomalopsls cerel ZO?

;

Dladasla australls australls P; australls callfornlca F; opuntlae F;
plercel ZO?; rlnoonls rlnconls P.

£chlnoeactus
Dufourea echlnocactl F; Llthurgus echlnocactl F; Idlomellssodea duploclncta

Cucurblta £
Peponapls prulnosa F; tlmberlakel F; crassldentata F; mlohelbacherorum

F; utahensla P; Xenoglossa strenua F; icansensls F; angustlor F;
patrlcla F; gabbll P.

Hellotroplum
Perdlta hellotropll hellotropll F.

Proboscldea
Perdlta hurdl P.
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Specialists In southwestern Deserts (cont.)

jaXli
Coiietes xerophllus lerophllus ?; xerophlius sonoranus ?; Andrena

cressonl Infasclata IV; papagorum IV; oonclnnuia ?; Perdlta sallols
hlrsutlor ?; sallcls Imperlalls ? ; sallols laeta F; macuilgera
tnacullgera ? + Prosopls.

Croton
Perdlta crotonls leucoptera F; oucullata F; titusl F; orotonls F;

undeolmalls F.

Capparldaceae
Anthophora cocliereill IV; Centrls callfornlca IV; Perdlta wllaattae

stanleyae ?.

Cleome +
Perdlta Tlttata tricolor F + Wlsllzenla; zebrata flavens F; zebrata

zebrata P; oleomellae F; thelypodll ?; wlsllzenlae F ( Wlsllzenia )

;

£xoaialopsl3 erlogonl 20?; Nomadopsls aoltula lawae F; macswalnl IV
- wlsllzenla.

Descuralnla
Andrena piperl F.

Lepldlum
rtndrena lepldll F; Perdlta tortlfollae tortlfollae P; tortlfollae

fremontll P; confusa F; gemlnata IV; gregglae F; Nomadopsls
australlor P.

Lesquerella
rtndrena prlaia P; mohavensls Z07 ; caprlcornls F; Jesslcae F; mealllae F;

prlmullfrons F; alamonls F; Dufourea pulchrlcornls F; Perdlta trlnotata
Lyclum
Anthophora phenax IV?; perdlta lycll P; Anthophora coptognatha IV?.

£rla3trum
iiesperapls n. sp. F; Perdlta compta IV; erlastrl fusclventrls ?;

rlohardal ZO.
Phy sail s/Chamaesaracha

Hypomacrotera oallops callops F; cailopa perslnllls F; Perdlta blnotata
ZO ; physalldls P; rozenl ZO ; lenls P; aunlta p; ohamaesarachae P;
sexmaculata IV ••? ; Coiietes scoplventer F; chamaesarachae IV.

Ipoaoea
Anoyloscells sejunctus P.

Cercldlum
Coiietes oercldll ZO?; Chelostomoldes dlscorhlna P (+?); Ashmeadleila

clypeodentata olypeodentata - emphasis only.
Da3yllrlon/^ollna

Perdlta dasyllrll - emphasis only; rehnl - emphasis only.

Specialists In dreat Basin

Composltae
Coiietes compactus hesperlus P; gypslcolens P; latlclnctus F; rufoclnctus

P; slmulans slaulans F;
Andrena (Callandrena) ardls P; pecosana F; hellanthl P - Hellanthus

;

slmulata IV; utahensls IV; VTilploolor P - Chrysothamnus ; (Cnemld-
andrena) nubecula P; colletlna P; ramalayl F; chromotrlcha P;

xanthlgera P; costlllensls P; canadensis F; sulcata F; bendensls P;

Calllopsls ohlorops P; coloratlpes P; tlmberlakel P;

Perdlta (Cockerellla) alblpennls P-Hellanthus ; hllarls P; ( subfaaclata)
subfasclata P; (Hexaperdlta) Ignota Ignota F; (Xeromacrotera)
cephalotes ZO; (centralis) brevlhlrta P; semlcrocea F; (zonalls)
aemula aemula F; adjuncta P-Chrysothamnus ; zonalls aequalls P-
Chrysothamnus ; aemula quadrlfasclata P-Chrysothamnus ; oregonansls
oregonensls F; lepldoapartl lepldospartl P; oonflnis ZO ; affeota ZO;

fraterna P; townsendl P; alboplcta F; dubla pari lis P; f estiva ZO

;

vestlta P; halgl ZO; munda 20; slmllls slmllls F; slmllls pasooensls

IV: subvestlta F; toachtae 20: stottlerl stottlerl P: (octomaculata

)

afflnls F; aplopappl P; arldella F; electa F; hlrtloeps candldlpennls
P; Idonea P; Icnowltoni P; nuda P; porcine ta F; reperta ?; phymatae P;

rectanijulata P; rhodura F; sejunota F; snowll P; gutlerrezlae F;

Imbellls ?; luteola P; mesillensls P.

Dufourea marglnata hallctella F; oryx P.

Ashmeadlella bucoonls dentlculata P.

Osmla texana P; coloradensls P; callflirnloa P; grlnnelll P; nontana
aontana P; subaustralls P. (cont. over)
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Specialists In Great 3a3ln (oont.)

Compoaltae (cont.

)

iMegachlie agustlnl F-Helianthus ; manlfeata P; nevadensls IV?;
paraiiela facunda ? ; asterae ZO? ; nebrasKana IV?; perlhlrta F.

Dlanthldlum ourvatum sajri F +? ; heterulkel heterulkel +?; parvun
parvum F; cressonl ZO? ; slnguiare F; aubparvum F; uikel ulkel F.

Anthophora eilgua F; macullfrona F (both Haplopappua/Chrysothaainus )

.

ivaatra obllqua ezpurgata F.
Meilasodea rlvalls F-Clralum; luplna P; plumosa P-Hellanthua; metenua

IV; ooreopaldla F; snowl F; coloradenala F-Hellanthus ; lustra F-
Haplopappua/Chrysothamnus ; agiila F-Hellanttiua ; bltnatrla P-Chryso-
thamnus ; menuachus F-ooilslago/Grlndella ; aemlluplna F; blcolorata
F-Ohryaothamnua ; perpollta F; confuaa P; robustlor F-Hellanthus;
pallid! algnata F-Haplopappus/Chrysothamnus ; rustlca F; grlndellae
P; hymenoildla F; subagllls F-Grlndella; brevlpyga F-Haplopappua/
Chrysothaainus ; lutulenta F; utahensls F; vernalls P; saponellua P;

monoenala P-Chrysothaninua ; mlcroatlcta P.

Nothocalals
Andrena nothocalaldls F.

Malacothrlx
iNomadopsls puellae P.

Agoserla
Andrena ablegata F; evoluta P.

Stephanomerla
Perdlta albonotata F.

Penstemon
Anthooopa abjecta abjecta IV; abjecta alta ? ; anthodyta anthodyta F;

elongata F; pycnognatha pycnognatha F; trlodonta trlodonta ?; Osmla
penatemonls F; spp. IV; Ashmeadlella australls F.

Phacella
Chelostoma phaoellae P; Dufourea troohantera P.

Legumes
Nomadopals zebrata bobbae IV7 ; Tetralonla chrysophlla IV; spp. IV;

Osmla Integra P; physarlae IV?; sedula F; clareacena P; gaudloaa IV?;
klncaldll P; densa densa P; spp. IV; Megachlle rohwerl IV; Anthophora
porterae IV?; Anthldlum mormonum F +Phacella; atrlpes P; olypeo-
dentatum P.

rrlfollum
Nomadopsla fllloruai ZO?; anthldlua lutea P.

iallx
Perdlta sallcls nonoensls F; subtrlstla P; sallols euiantha IV; sallola

sublaeta IV; Andrena erythrogaater F; subauatralls P; llllnolensls F;

labergel P; salictarla F; Ishll F; marlae P; slgmundl P; strlatlfrons
P; wellesieyaea F; glbberls IV; andrenoldes P.

Croton
Perdlta crotonls caerulea P; orotonla Juabensla P; crotonls dlluclda P.

Gayophytum
Dufourea acabrlcornls P.

Sphaeralcea
Perdlta beatula P; latlor P; xanthoohroa P; Dladaala lutzl P; ollvaoea

P +; nltldlfrons F; Calllopsls rhodophlla IV?; Colletes sphaeraloeae
F; Hesperapla sphaeralceae IV; Protandrena sphaeraloeae ?

Camlsaonla
Dufoxirea orovata P; Andrena nevadae P.

Oenothera
Andrena anograe knowltonl ?; thorpl P; ravenl F; ohyllsmae P; rozenl P;

Tetralonla speclosa IV?; Anthophora affabllls F; Megachlle umatlllenals
P; anograe IV?; Anthedonla nevadensls P; Sphecodogastra noctlvaga P;

Evylaeus aberrans P.

Mentzella
Andrena tnentzellae P; Perdlta holoxantha IV; lunulata F; albata P;

Conanthallctua mentzellae P.
grlQgonua

Perdlta xerophlla dlacrepans P; peotoralls ZO?; gentlils P; Jucunda P.

Petalosteaon/Amorpha
Colletes gllenala ZO ; petaloatemonla IV: robertsonti P: albescens IV.

Argemone Wlsllzenla
Andrena argemonls - emphasis only, Perdlta vlttata oonflnls P.

Cleome/Cleomella
Perdlta depressa P; zebrata zebrata P; Nomadopals scltula P; personata P.
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Stanleya
Perdlta wllmattae wllmattae F; wllmattae mlrloornls F; Andrena hallll IV.'

Lepldlum
Perdlta f lorlssantelia F; Nomadopsls australlor F.

Geanothus
Andrena oleodora F; candldlformls F (+?).

Galochortus
Perdlta soullenl scuilenl ?; scullenl aegona ?; Nomadopsls olncta clnota P.

Arctostaphylos
Andrena obscurlpostloa F; crlstata P,

Lomatlum
Andrena nlcrochlora F,

Gryptantha
Proterlades remotula F; Incanesoens Incanesoens F; Andrena chapmanae ?.

Gruel fers
Perdlta oruclferarum F; Andrena plperl F; scurra F.

Gucurblta
Peponapls prulnosa F; utahensls P; Xenoglossa strenua F.

rhelypodlum
Andrena wlnnemuooana IV?

Potentllla
I^oaadopsls edwardsll F.

Specialists In Montane western U.S.A.

Composltae
Colietes fulgldus F; latlclnotus F; compaotus compactTis F; rufoclnotus F;

slajulans slmuians F; lutzl montlcola F;

Hesperapls dlspar F; carlnata rodeclcl P;

Protandrena pectldls F;
Pseudopanurgls fraterculus timber ialcel F;

Galllopsls chlorops F; coloratlpes F;

Perdlta clllata IV; (Hexaperdlta) Ignota Ignota F; (zonalls) dubla dubla
F; dubla parllls P; stottlerl stottlerl P; oregonensls expleta F;

rlvails F-Srlgeron; sweezyl F-£rlgeron; loctomaoulata) fallax F;

snowll F; solldaglnls F; afflnls F; aperta ?; aplopappl P; luteola
F: gutlerrezlae F; melano stoma F; phymatae F; rhodura P;

Andrena ( Gailandrena) accepta P; oalvata F; hellanthl F; neomexloana IV;
ofella F; pecosana F; slmuiata IV; sonorensls F; vulplcolor F:
(Stenandrena) pallldlfovea IV; ( Cnemldandrena) ooiumblana P; surda F;

scutelllnltens F; nubecula F; apacheorum IV; colletlna F; sulcata F;
hlrtlclnota F; oostlliensls F; canadensis P; booensls P; robervalensls
IV (all Gnemldandrena emphasis Aster/Solldago)

.

Dufourea marglnata marglnata F; marglnata hallctella P (both Hellanthu3+)

;

Ashmeadlella bucconls dentlculata P;
Herlades oressonl IV;
Dlanthldlum ourvatum sayl P; ulkel ulkel F;

Osmla texana F; coloradensls F; callfornlca F; marglnlpennls P; montana
montana F; montana quadriceps F; subaustrails P;

riegaohlle agustlnl F; wheeler! F; parallela facunda F; perlhlrta P;

fldells F; frugalls frugalls F; Inlalca sayl P; tnellltarsls P;

pugnata pugnata F; pugnata pomonae P; subnigra angelica P; frugalls
psaudofrugails F;

Anthophora curta F (+?);
Svastra obllqua expurgata P;

Mellssodes rlvalla P-Clralum; luplna F; composlta F; glenwoodensls F;

coloradensls F-Hellanthus; agtlls F-Hellanthus ; perlusa F-Helianthus;
montana F-Hellanthus; confusa F; pallidlslgnata F-Haplopappus/
Chrysothamnus ; grlndellae F; subagllls F-Grlndella: lutulenta F;

mlcrostlcta P; lustra F; blmatrla P-Chrysothamnus ; robustlor P-

Hellanthus; pullatella F; wheelerl F; rustlca F; snowl F;

Dufourea troohantera F; Proterlades laevlbullata ZO? ; plaglostoma ZO?;

ruflna ZO?; Ghelostoma phacellae F; mlnutum F;

albomarglnata F; oopelandlca copelandlca P.

Polemonlum
Andrena rlbblel ZO?; segregans P.

Zlgadenus
Andrena astragali F.

Anthocopa copelandlca
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Fraaiajla
Andrena melanochroa ?.

Prunus/Pyrus
Andrena mlserabllls ? (+?)

Cornu3

Heuchera

aaura ?; dllatlpea P.

Colletes aestivalis F.

Rlbea
Andrena (Dactylandrena) spp. ?.

Stanleya
Andrena perslmulata IV; flocouiosa ZC? Andrena hailll IV.

Campanula
Dufourea oampanuiae P

;

Symphorlearpos
Jufourea hoiocyanea .'^.

Potentllla +
Colletes nlgrlfrons F; Andrena blrtwelll F; Nomadopsls edwardsll F;

Dufourea flmbrlata flmbrlata F; flmbrlata slerrae P; Panurginus
balcerl F; oressonlellus ?.

Calochortus
Perdlta scullenl segona ZO? ; leucostoma IV?; pulllventrls ZO?;

tularensls F; Dufourea caloohortl F; dentlpes F.

Mertensla
Colletes panlscus panlscus F; panlsous scullenl F; censors oonsors

censors pascoensls F (+?).
Petalostemon

robertsonll

?(+')

Colletes gilensls ZO ; petalostemonis IV;
Stelronema

Macropls nuda F; stelronematls opaca IV.

Arctostaphylos
Andrena crlstata

IV.

F; obscurlpostloa F; arotostaphyllae P; Eaiphoropsls
F.cineraria IV; Tetralonla acerba

Gayophytum
Dufourea soabrloornls F; spllura F; subdavldsonl P.

Legumes
Andrena luplnorum F; Tetralonla aragalll IV; spp. IV; Nooadopsls zebrata

IV7 ; Megachlle melanophoea calogaster F; melanophoea melanophoea F;

melanophoea submelanophoea F; melanophoea wootonl/rohwerl IV; Osmla
Integra F; longula F; nlfoata F; nlgrlfrons F; physarlae IV?;
sedula F; trlfollama F; gaudlosa IV?; kincaldll F; mallna F; densa F;

caioarata F; nlgrobarbata F; obliqua F: oalla F; oyanopoda IV?;
regullna IV?; gabrlells IV?; spp. IV.

Sallx
Andrena semlpunctata F; strlatlfrons F; slgmundl P; sallclflorls F;

marlae F; subaustralls F; erythrogaater F; nevadensls F; wellesleyana
F; andrenoldes F; conclnnula F; trlzonata ?; labergel P; nlgrae F;
sallotarla P; llllnolensls F; Perdlta macullgera macullgera F;

numerata nunerata F; sallcls coloradensls F; sailcls subtrlstls F;

wernerl ZO?
Mlmulus

Dufourea versatllls rubrlventrls F.

Ceanothus
Andrena cleodora F; nacklae ?; scurra F; candldlf ormls F.

Ranunculus
Andrena auavls F; oaeruiea F; cunellabrls F.

Penstemon
Ashmeadlella auatralla F; Oamla penstemonls F; app. IV; Anthocopa

trlodonta ahaatenals P; trlodonta trlodonta F; oregona ZO; hebltls F;

abjecta abjeota IV; abjecta alta P; elongata F; anthodyta anthodyta P.

Clarkla
Mellaaodes olaurklae F; Ceratlna sequolae F; Dladasla anguatloepa F;

Megachlie gravlta F; paacoensla F; Andrena lewlsorum P.

Trlfollum
Andrena plana P; Dufourea afasclata P; aplnlfera P; Nomadopsla trlfolll

IV (-t-Mlmulus) ; anthldlua anthldlua P; mlchenerl P.

Lomatlum/Sanloula
Andrena mloroohlora P.

Agoaerla
Andrena chalybloldea P.

Sldalcea
Dladaala nlgrlfrona F.

Gruclfera
Andrena aciurra F.

Hydrophyllum
Andrena geranll P.
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Composltae
Colletes compactus F; slmulans F-oolldago/Aster/Bldens ; rufoolnctus

F-6oildago/A3ter/Heterotheoa; blrkmannl ZO?; latlolnctua P-Pectls/
Gutlerrezla; amerloanus P-rister/5oilda/?o ; mandlbuiarls ZO? ; lutzl
IV?;

Andrena(Callandrena) aocepta F-Heilanthus ; allclae F-Hellanthus;
melllventrls F-Galllardla; rudbecklae ?-Rudbeclcla/Ratlblda

;

hellanthl ?-Hellanthua ; hellanthlf ormis F-Echlnacea; Irrasus
F-Amphlaohrys ; beamerl IV; simplex F-6olldago; asterls F-Aster;
bullata P-Heterotheca; Haynesl F-Hellanthus ; gsirdlnerl F-Seneclo;
ardls F; berkeleyl ZO?; blscutellata ZO ; tonkaworum - Sngelmannla F.

Calllopsls coioradensls F-oolldago/Bldens

;

Pseudopanurgus aethlops F-tieilanthus ; albltarsls F-Hellanthus; rugosus
F-Hellanthus;

rPterosarus labroslfrons dlstraotus F; nebraskensls nebraskensls F;
composltarum ?; Innuptus F-Hellanthus;

Perdlta (Cockerellla) shlnnersl F; purpurascens P-Galllardla ; perpulohra
flavldlor F; perpulchra punctatlaslma F-Heterotheca ; lactelpennls
lactelpennls F; lepaohldls lepachldls F-Galllardla; lepachldls
pallldlpennls F; lepachldls canadensis F; coreopsldls kansensls F;
(Hexaperdlta) prattl F-Hellanthus/Heterotheca ; cambarella
cambarella F-Heterotheca: cambarella platyura F-Heterotheca;
xanthlsmae P; fedorensls ZO ; blshoppl pianorum P-Heterotheca;
Ignota crawfordl F-Heterotheca; Ignota Ignota F-Heterotheca;
foveata foveata ZO; foveata brachycephala F; alexl F-Heilanthus/
Heterotheca; (zonalls) stottlerl F; (Pygoperdlta ) nebraskensls ZO

;

(?) alblpennls F-Hellanthus; (octomaculata) luteola F; rnodura F-
Haplopappus ; gutlerrezlae F-Gutlerrezla/Kaplopappus ; latlclncta F-
Haplopappus ; melanostoaia F-Gutlerrezla ; laslogastra P-Paotls

;

mlcrostlcta ZO; brunerl F-3olldago/Grlndella ; swenkl F-Solldago/
Grlndella; prlonopsldls F; trldentata F-Hellanthus; fallax F-
Hellanthus; dollchocephala F-Hellanthus; octomaculata temlnata F-
Solldago/Aster ; atrlvantrls F-Heterotheca;

Dufourea marglnata P; oryx P (both Hellanthus);
iNomla heteropoda klrbll P-Hellanthus

;

Paranthldlum Jugatorlum Jiigatorlum f; Jugatorlum perplotum ? (both
Hellanthus)

;

Olanthldlum curvatum sayl F; curvatum ourvatum F; ulkel ulkel F;
Ashmeadlella bucconls bucoonls P;
Osmla subaustralls F; texana F;
I'legachlle townsendlana F; fortls F; parallela F; pugnata pugnata F;

fldells F; pollcarls F; Inlmlca sayl P; perlhlrta F; frugalls F;
nebraskana F; manlfesta P; nevadensls P; wheeierl F;

Dladasla enavata F-Heilanthus;
Svastra obllqua obllqua F; petulca F-Hellanthus; brevloornls P-

Heilanthus; comanche IV?;
Meilssodes trlnodls P-Hellanthus; vernonlae F-Vernonla; wheeierl P-

Hellanthus; elegans F; sncwl F; grlndellae F; subaglils F-Grlndella;
aglils F-Hellanthus; bldentls P-Hellanthus/Rudbeckla; boltonlae F;
coreopsldls F; dentlcuiata F-Vemonla; fumosa F-Solldago; lllata P;
menuaohus F-Grlndella/Solldago; rustloa P-Aater/Solldago ; desponsa
P-Clrslum; coioradensls F-Hellanthus; tucker! P-Aster/Heterotheca;
dentlventrls F; perlusa P; nlvea F; oonfusa P; pailldlslgnata
f-Haplopappus/Chrysothamnus; gellda F-Hellanthus; mlcrostlcta F;

Legumes
Chelostomoldes subexllls P; Megaohlle melanophoea melanophoea F; Osnla

dakotonsls IV?; spp. IV; Anthldlum aacullfrons IV (emphasis?)
psoraleae IV (emphasis?); atrlventre astragali IV (emphasis? J;

Tetralonla belfragel IV?; llllnolensls IV?; chrysobothry 3 IV?;
spp. IV; Calllopsls andrenlf ormis P.

Petalostemon /Amorpha
Colletes robertsonll IV (+Amorpha); metzl ZO?; kansonsls ZO?; aberrans

IV; albescens IV (+Afflorpha) ; susannae IV; wllmattaa F; petalostemonls
IV; Andrena oraglnl (Amorpha) F; Perdlta perpalilda P; Hoplltls
mlchenerl (Amorpha) IV; Xenoglossodes albata ZO?

Sallx
Perdlta macullgera macullpennls P: maoullgera blllneata F; Andrena

llllnolensls P; sallctarta P; nlgrae; erythrogaster P; marlaa P;

trlzonata P; blsallols P; aronlcola F; wellealayana P; andrenoldes
F; nlda IV,
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Specialists In Great Plains i Prairies (oont. )

Monarda
Perdlta gerhardl ^erhardl ?; irerhardl dallaslana F; ^arlegata pura F;

varlegata varlegata F; iMetapsaenythla abdomlnalls abdomlnalls ?;
Dufourea caonardae ?.

fyrrhopappus
Hemlhallctus lustrans ?; Andrsna verecunda F; aflmbrlata IV;

crawfordl F (+3erlnla); sltllllae IV; sentloulosa IV {+3erlnla).
Croton

Perdlta orotonls crotonis F; crotonls dlluolda F; orotonls subnltens P.
Stelronama

Macropls olypeata F: nuda P; patellata F; stelronematls P.
Ipomoea

ileiltooia taurea F; grlsella P; Cemolobus Ipomoea F; Ancylosoells
sejunctus F,

Opuntla
Llthurgus bruesl P; aploalls aploalls F; Perdlta opuntlae P.

Euphorbia
Nomadopsls helianthl F; Perdlta labergl P.

Lesquerella
Andrena trapezoldea ?; prlmullfrons F.

Physalls/Chacaaesaracha
Colietes Mlokhaml ZO?; swenkl ZO?; Perdlta naura F; hallctoldes F.

Stanlaya
Perdlta wllaattae wllaattae F; Andrena halll IV.

Oenotnera
letraionla speclosa IV?; Mellssodes flnibrlata F; Anthophora aterrltna P? j

Sphecodogastra texana F; oenotherae P; Megachlle amloa ZO; anograe P;
oenotherae ?;

Calllrhoe
Dladasla affllcta peraffllcta F; Mellssodes Intorta ?.

ophaeralcea +?
Dladasla dlmlnuta P.

Phaeella
Andrena lamelllterga P.

FTaia;arla
Andrena meianoohroa F.

Zlzla
Andrena zizlae P.

Cleome
Perdlta zebrata zebrata P,

iHentzella
Perdlta wootonae P.

Verbena
Calilopsla nebraskensls P.

Me11 lotus ?

Hylaeus blslnuatus IV.

Heuchera
Colietes andrewst F,

Speeularla
Colietes brevlcornls- F.

Rhus
Andrena brevl palpi s P.

Zlgadenus
Andrena a3tra.gall IV.

Hydrophyllum
Andrena geranll P.

Prunus/Pyrus +
Andrena mlserabllls P+.

Lepldlum
Noaiadopsls australlor P.

Hibiscus
Ptllothrli bofflblformls IV (+?)

Specialists In Northern Boreal Forests

GoTiposltae
Collates oompactus F; slmulans P-Solldago/Aster ; amerlcanus F-Solldago/

Aster; mandlbularls ZO? ; solldaglnls ZO?;
Andrena (Callandrena) helianthl P-Hellanthua; allolae F-Hellanthus

;

simplex F-Soildago; plaoata F-oolldago; aster Is P-Aster; asteroldes
F-Aster; ( Cnemldandrena) canadensis F-Aster/Solldago; hlrtlclncta P-
Aster/Solldago; nubecula F-Solldago/Aster ; peckhaol ZO; ohromotrlcha
F-3olldago/Aster ; robervalensls IV;

Parsuithldlum Jugatorlum Jugatorlum P-Hellanthus

;

Dlanthldlum simile IV;
OsDla subaustralls P;
Megachlle pugnata pugnata P;
Svastra obllqua obllqua F;

Mellssodas desponsa P-Glrslum; agllls P-Hellanthus; dentioulata P-
Vernonla; dentlventrls F-Aster; lllata F; rustlca F; sublllata P;
trlnodls P-Hellanthua;

fPseudopanurgus albltarsls P-Hellanthus; labrosus F-Hellanthus;
TPterosso-us aestivalis IV; andrenoldes IV; llllnolensis IV;

nebraskensls nebraskensls IV; solldaglnls IV;
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opeciaxists in ..orcnerrv Boreax foreo's ^ocnL.j

oallx
Andrena (Andrena) frlglda IV; clarkeila IV+; (Mlcrandrena) aallctarla

F; nigrae F; (Thysandrena) blsallols F: (Parandrena) andrenoldes
F; nlda IV; wellealeyana F; (Trachandrena) slgmundl F; aoarlae F;
(rylandrena) erythrogaster F.

Ericaceae
Coiletes productua Z07; Impunotatus ZO?; Andrena Jsaimlae (Kalmla) F;

bradieyl ( Chamaedaphne ) IV; Carolina (Ledum) IV; Oamla Inermla 17?
Lenumea

Wegaohlle aelanophoea F; Osmla Integra IV; app. IV.
Cornu3

Andrena peralmuiata IV; nlgrlfrons F; Integra IV; fragllls F.
Pontederla

Mellssodes aplcata P; Dufourea nova-angllae F,
otelronema

iiaoropls longlilgua F
Penatemon

Osmla spp. IV.
Claytonla

Andrena erlgenlae F.

Fra;;arla/<Jald3telnla
Andrena zlziaeformls i

Ihaaplum/Taenldla
iindrena zlzlae F.

Heuchera

clllata F;

melanochroa

Coiletes andrewsl
Mertenala

Coiletes conaora IV?
Melllotus ?

Hyiaeus blainuatus IV.

F; aestlvalla F.

nuda F; patellata F.

Hhu3
Andrena brevlpalpls IV.

Hydrophyllum
Andrena geranll IV.

Prunus/Pyrus +
Andrena mlaeracliis F.

Cucurbita
Peponapls prulnoaa F.

Oenothera
ophecodogaatra oenotherae F.

Schlum
Hopiltla anthocopoldea F.

Bees of Boreal America (Tundra 4 Muskeg)

Mertensla
Collates oonsors mesoacopua ZO.

Potentllla
Coiletes nlgrlfrons F; Dufourea flmbrlata F.

Aater/Solldago +
Andrena ( Cnemldandrena) nubecula F; canadensis F; hlrtlclncta F;

Columbiana IV; robervalensla 20.
Salli
Andrena frlglda IV; marlae F; aallclflorls F; slgaundl F.

£rlcaceae
Andrena bradieyl ( Chamaedaphne ) IV.

Legumes
Anthldlum psoraleae zo?; Osmla longula ZO; (Acanthosmoldes ) spp. IV;

Megachlle melanophaea aelanophoea F.

Speolallats In Oak/Hickory & Mlied-Mesophytlc Forests

Composltae
Coiletes aolldaglnls F; nandlbularla ZO?; compactua F; slmulans F-Aster/

iolldago; amerlcanus F.

Andrena (Callandrena) aocepta F-Hellanthus ; allolae F-Hellanthua

;

rudbeoklae F-Rudbeckla/Ratlblda; helianthl P-Hellanthus ; simplex
F-3olldago; placata F-Solldago; asterls F-Aster ; dupllcata F-
Hellanthus; gardlnerl F-5eneclo; fulvlpennls F; asteroldes F-
Aster; (Cnemldandrena) hlrtlclncta F-Aster /Solldago ; nubecula
F-Aster/3olldago; robervalensls IV; canadenala F-Aster/Solldago.

Pseudopanurgus rudbecklae IV; pauper 20?; solldaglnls IV; rugosus F-
Heilanthus; labroaus F-Hellanthua?; helianthl F-Hellanthua?
albltarals P-Hellanthus?

Pseudopanurgus rugosus F-Hellanthus.
?Pterosarus albltarsls IV-Hellanthus? ; helianthl IV-Hellanthus?

;

labrosus IV-Hellanthus?; andrenoldes IV; oomposltarum IV; rudbecklae
IV; solldaglnls IV; labroslf ormls labroalformls IV; nebraskensls
nebraakensla IV.

Heterosarua llllnolensls P.

Perdlta (Cockerellla) bequaertl Indlanenala P; (Heiaperdlta) boltonlae
boltonlae F-Chryaopals ; ( octomaculata) awenkl F-3olldago/Grlndella

;

octomaculata octomaculata F-Solldago/Aater.
Nomla heteropoda heteropoda F-Hellanthus.
Osmla texana F.
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Specialists In Oak/Hickory i Mixed Mesophytlc Forests (cont.)

frugalls frugalls F; pugnata pugnata Fi

emphasis only?

Composltae
Megachlle Inlmloa sayl

paralleia F.

Ashmeadlella bucconls bucoonls
Jlanthldlum simile IV.
Paranthldlum Jugatorlum Jugatorlum F; Jugatorlum lepldum F (both Hellan-

thus )

.

ovastra obliqua obllqua F; petuloa F.

Mellssodes desponsa F-Clrslum; coioradensls ?; agllls P-Hellanthus

;

bldentls F; boltonlae F; dentloulata ?-Vernonla; dentlventrls F-Aster;
fumosa P-Solldago; lllata F; nlvea F; rustlca F-Solldago/Aster

;

sublllata F; tlncta F; trlnodls F-Hellanthus

.

Monarda
Perdlta gerhardl gerhaxdl F; Metapsaenythla abdomlnails tricolor F;

Dufourea monardae F.

Stelroneoia
Macropls clllata F; nuda F; patellata F; stelronematls P.

Cucurblta
; Xenoglossa Isansenals

zlzlae P; neonana ZO?

Peponapls prulnosa I

Taenldla/Thasplum
Andrena per sonata F;

Phacella
Andrena lamelilterga F; phacellae F.

Oenothera
ophecodogastra teiana

:;ornus

P; Anthedonla oompta

Andrena nlgrlfrons F: Integra IV; fragllls F.

Sallx
Andrena erythrogaster P; llllnolensls F; sallctarla Fj nlgrae F; marla

F; blsallcls P; andrenoldes F; wellesleyana F; nlda IV.
Legumes

Megachlle Ingenua IV; melanophoea melanophoea P; muclda F; Tetralonla
atrlventrls IV; spp. IV; Anthldlum macullfrons IV; Osmla spp. IV;

Cruclf erae
Andrena arabls F.

irlcaceae

Hhus Calllopsls andrenlformls

Colletes valldus IV?
Fragarla/Valdstelnla
Andrena zlzlaeformls P.

Pyrrhopappus
Hemlhallctus luatrans P

Krlgla
Andrena Icrlglana F,

Prunus/Pyrus +.

Andrena mlserabllls P+,
Specularla/Campanula

Collates brevlcornls P.

Heuchera

productus ZC'

Andrena brevl palpi

s

Polemonlum
Andrena polemonll F.

Hydrophyllum
Andrena geranll P.

Viola
Andrena vlolae P.

Penstemon
IV.

FT

Osmla spp.
Physalls

Perdlta hallotoldes P.

Pontederla
Dufourea nova-angllae P.

Passlflora
Anthemurgus i)asslflorae P.

Ipomoea
iMelltoma taurea P.

Ceanothus ?

fleterosarus pauper IV; vlrglnloua
IV.

Specialists restricted to Pine Barrens Je Coastal Sandy E. U.S.A.

Colletes aestivalis F.

Hibiscus
Ptllothrli bomblformls IV?

Melllotus ?

iiylaeus blslnuatus IV,

Composltae
Colletes mltohelll F; thysanellae Z07; Andrena braocata F; placata F;

fulvlpennis F; Perdlta (Hexaperdlta) blshoppl blshoppl F; blshoppl
Isopappl F; boltonlae chrysoplna P; nublla P; (ootomaculata) dlscreta
F; consobrlna oonsobrlna F; oonsobrlna leplda F; Megachlle Inlmlca
Inlmlca P; townsendlana F; Mellssodes pllleata P; manlpularls P.

Physalls Kuhnlstera
Perdlta hallotoldes P. Colletes howardl IV.

Monarda Pontederla
Perdlta gerhardl monardae P. Mellssodes aploat* P.

Euphorblaceae Hibiscus
Perdlta ploturata ZO? Ptllothrlx bomblformls IV (+?)

Opuntla
Llthurgus glbbosus P; Mellssodes mltchelll IV.
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Specialists restricted to Pine Barrens i Coastal oandy £. U.S.A.

Ipomoea
Melltoma taurea ?; Cemolobus Ipomoea ?.

Ericaceae
Coiletes valldus IV?; Andrena daeckl IV.

Oenothera
I'iegachlle oenotherae F; .Mellsaodes flmbrlata IV; Anthedonla compta ?.

Specialists In Oak/Hlokory/Plne Forests

Composltae
Andrena ( Callandrena) accepta F-Heilanthus ; allclae F-Kellanthus

;

Ignota ZO; (Cnemldandrena) hlrtlclnota F-Aster/Solldago ; nubecula
F-Aster/Solldago:

Coiletes compaotus F; slmulans F-3olldago/Aster; amerloanus P-Aster/
Solldago; mandlbuiarls 20?; solldaglnls ZO?;

Perdlta ( Cockerellla) bequaertl bequaertl F; (Hexaperdita ) georglca F-
Chrysopsls/Aster; boltonlae boltonlae F-Chryaopsls ; boltonlae
chrysoplna F-Chrysopsis ; (octomaculata ) consobrlna consobrlna F-
Chrysopsls; octomaculata octomaculata F-Solldago/Aster

;

PsLTanthldlum Jugatorlua Jugatorlum F; Jugatorlum lepldum ? (both on
Hellanthus J ;

Dlanthldlum simile F; curvatum curvatum F;

Ashmeadlella bucconls bucconls F;
Megachlle townsendlana F; parallela paralella F; pugnata pugnata F;

frugalls frugalls F; Inlmlca say! F; poilcarls P;

Svastra aegis F; obllqua callglnosa F; petulca P;

Mellssodes desponsa F-Clrslum; coloradensls F; agllls F-HellanthU3

;

boltonlae F; dentlculata F-Vernonla; dentlventrls F-Aster; fiimoaa
F-3olldago; lllata F; nlvea F; rustlca F-Aster /Solldago ; tlncta
F-Aster/Chrysopsls ; trlnodls F-Hellanthus

;

Nomla heteroDOda heteroooda F-Hsllanthus

;

Pseudopanurgus rugosus F-Heilanthu3.
Heterosarus llllnolensls P.
?Ptero3aru3 albltarsls F-Hellanthus : composltarum IV; labroslf ormls

labroslformls IV; solldaglnls IV; nebraslcensla meusebeclcl IV.
Leg:umes

anthidlum aacullfrons IV (emphasis only?); Tetralonla atrlventrls IV;
spp. IV; Megachlle muclda IV: Ingenua IV?: Chelostomoldes spp.
Osmla spp. IV; Calllopsls andrenlf ormls P.

Cucurblta
Peponaols prulnosa F; Xenoglossa strenua F; Icansensls P.

Sallx
Andrena marlae F; blsallols F; andrenoldes F

IV;

nlda IV; nlgrae P;

Ceanothua ?erythrogaster F.

Xaenldlum/Thasplum
Andrena personata F; neonana ZO?

Opuntla
i'lellssodes mltchelll IV; Llthurgus glbbosus P

Oenothera

It
Heterosarus pauper IV; Tlxglnlcus

zlzlae F.

Megachlle oenotherae
Ericaceae

Coiletes produotus ZO? ; valldus IV?
Ipomoea

.'lelltoma taurea P.

Prunus/Pyrus +
iindrena olserabllls P (+?)

Cornus
Andrena fragllls P.

Pontederla
rtellssodes aplcata ?,

Stelronema
"Macropls clllata r ; stelronematls F.

Passlflora
Anthemurgus passlflorae P.

Anthedonla compta P; Sphecodogaatra oenotherae P.

Krlgla
Andrena krlglana F.

Frageu^la/Waldstelnla
Andrena zlzlaeformls P,

Specularla
Coiletes brevloornls P.

Gerardla
Perdlta gerardlae IV.

Melllotua ?

Hylaeus blslnuatus IV?
Potentlila

i'anurglnus potent lllae LV^
Monarda

Metapsaenythla abdomlnalls P.
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SpeolallstB In Southern Mixed Forests

Composltae
Colletes slmulans F-Solldago/Aster/Bldens ; mandlbularla ZO?;

solldaglnls Z07:
Andrena (Callandrena) allclae F-Hellanthus; asteroldes r'-Aster;

fulvlpennla F;
Perdlta (ootomaculata) consobrlna leplda F-Cnrysopsls; (Cockerellla)

boquaertl bequaertl Fi lepaehldls levlfrons F; (Hexaperdlta)
georglca P-Chrysopsl a/Aster ; blatchleyl F; blshoppl blshoppl F-
Heterotheoa; graenloherl F-Chrysopals; boltonlae chryaopina F-
Chrysopsls; nublla F-iirlgeron;

Pseudopanur^us rugosus P-Uellanthus;
Heterosarus llllnolensls F:
?Ptero8aru8 nebraskensls meusebeckl IV; solldaglnls IV;
Dufourea marglnata F-Hellanthus;
Nomla heteropoda klrbll P-Hellanthus

;

Megachlle parallela F; townsendlana F; pugnata pugnata F;
Svastra aegis P; petulca F;
Hellssodes desponsa P; agllls F-Uellanthus ; boltonlae Ft dentlculata

F-Vernonla; dentlventrls F-Aster; fumosa F-Solldago; nlvea F;

rustloa P-Aster/Solldago; tlnota F-Aster/Chrysopsls; trlnodls F-
Uellanthus

,

Le^gimes
Anthldi.UB maculatum IV (emphasis only?); Osmla spp. IV; Tetralonia spp.

IV; Chelostoooldes spp. IV; Megachlle ingenua IV.
Sallx

Andrena nigrae F; blsallcls F; andrenoldea F.

Ipomoea
Melltoma taurea P; Cenolobus Ipoaoea F.

Gucurblta
Peponapla prulnosa F; Xenoglosaa kansensls F; strenua F.

Oenothera
Anthedonla compta F; Mellaaodes finbrlata F; Sphecodogastra Oenotheras

F; Megachlle oenotherae F.
Opuntla apecularla

Llthurgus glbbosua P. Colletes brevicornls F.

Prunus/Pyrus + Ericaceae
Larandrena mlserabllla F (+7) Colletes produotus ZO?

Pyrrhopappua Thasplum/Taenldla
Hemlhallctua lustrans F. Andrena zlzlae F; neonana ZO?

Gerardla
Perdlta gerardlae IV.


